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INTRODUCTION
Adequate nutritional intake is a prerequisite in humans to maintain or improve 
the nutritional status and support crucial body functions during illness. In this way, 
feeding patients limits the metabolic stress that is imposed by disease or trauma and 
prevents complications. Adaptation of nutritional intake may be required since nutritional 
requirements are increased in this situation, whereas intake is often inadequate due to 
disease-related symptoms. For instance, decreased appetite as a result of nausea, pain, 
and/or its treatment, put a substantial number of patients at risk for the development 
of malnutrition – and hence - complications.(1, 2) While numerous strategies have been 
implemented in clinical practice to maintain or improve the nutritional status, the specific 
role of meal services during the hospitalization period remains largely unclear. The present 
thesis therefore focuses on such meal service interventions, both in the in- and out-
of-hospital settings, as an additional strategy to improve nutritional intake, patient 
satisfaction, and clinical outcomes.
The introduction section starts off with a description of the consequences of a poor 
nutritional status and describes relevant preventive and therapeutic measures, while 
the second part delineates the aims, approach and outline of this thesis.
NUTRITIONAL STATUS DURING ILLNESS
Hospitals increasingly focus on efficient organization of care in order to lower costs while 
maintaining quality of care. This is a challenge in view of the rise in age of the general 
population with its associated comorbidities and higher risk for the development of 
malnutrition. It also implies an urgency to maintain or improve the nutritional status 
during the course of any treatment. It is well recognized that serious consequences are 
associated with the presence of malnutrition, such as functional muscle loss, increased 
infection rates, delayed wound healing, and prolonged hospital stay.(3-5) In the European 
Union, approximately 20 million patients suffer from disease related malnutrition, with 
an estimated cost of up to 120 billion euro annually.(6) To demonstrate the economic 
consequences of this problem in The Netherlands alone, a recent study showed that 
nearly 40% of admitted adult patients face malnutrition to some degree, with a further 
increase during their hospital stay.(7) The overall additional costs of this issue in all health 
care settings in the Netherlands were estimated at around 2 billion euros in 2011,(8) i.e. 
higher than the costs of obesity, which are estimated to be around 1.6 billion euro.(9) 
STRATEGIES
Because of these serious sequellae, various preventive and therapeutic strategies to 
address malnutrition have been recommended. Figure 1 shows a timeline including such 
different interventions for the in- and out-of-hospital settings. Accurate screening for 
the risk of malnutrition at hospital admittance in any patient is key here, and as such 
has now become an integral part of care in all admitted patients in The Netherlands. 
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Surgical patients are also screened preoperatively at the out-patient clinic, which is part of 
the Enhanced Recovery After Surgery (ERAS) program, aiming to optimize peri-operative 
care, by implementing nutrition-specific aspects such as carbohydrate loading, early oral 
feeding, minimizing postoperative nausea and vomiting and inclusion of oral nutritional 
supplements (ONS).(10) In case of a high risk for malnutrition, consultation by a dietician 
for nutritional support is ordered. Dietary advice with or without ONS, or use of ONS 
replacing a normal diet has proven its clinical relevance.(11-13) High protein ONS also confer 
clinical benefits, with reduced complications and readmission rates.(14) Overall, analyses 
have shown that in-hospital consultation by a dietician for nutritional support, use of ONS 
and optimal nutritional care before and after surgery are cost-effective strategies.(13, 15, 16) 
In case oral nutrition cannot be maintained, artificial nutritional support consisting tube 
or parenteral feeding may be indicated.
MEAL SERVICES 
Currently, meal services differ widely between hospitals in the way of preparation, food 
selection, the presence of mealtime assistance and mealtime environment. (17, 18) Also, and 
unfortunately, many hospitals still serve conventional hospital meals, including 3 main 
meals per day that are prepared by a central kitchen with unfavorable characteristics, 
such as low protein and energy content, lack in taste, color and flavor, and portion sizes 
that do not fit patients’ appetite, resulting in inadequate intake.(19, 20) The development 
and implementation of an optimal in- and out-of-hospital meal service should further 
improve nutritional intake and prevent malnutrition. In general, meal services play an 
important role in providing an adequate amount of nutrients during time of (recovery 
from) illness. Concerning the provision of proteins, the minimum requirements are usually 
set at 1.2 gram per kg body weight per day for hospitalized patients.(21) The importance of 
Post Hospital Pre 
Individual dietary counseling 
Individual dietary counseling + oral nutritional supplements 
Individual dietary counseling + tube feeding 
Individual dietary counseling + parenteral feeding  
Enhanced Recovery After Surgery program 
In- and out-of-hospital meal services 
Screening Screening 
Figure 1. Timeline including various preventive and therapeutic interventions to address malnutrition, 
for the in- and out-of-hospital settings.
11
1
IN
TRO
D
U
C
TIO
N
such services is, however, currently not universally acknowledged and the characteristics 
of an optimal meal service in any clinical setting remain elusive. Yet, awareness for 
more adequate in-hospital meal services is increasing under guidance of the Dutch 
Ministry of Health, Welfare and Sport (VWS) who support care settings to optimize their 
meal services. Recent research, commissioned by the Ministry of VWS, reported that 
many hospitals in The Netherlands are busy planning to change their meal services in 
the near future.(22)
In-hospital meal services
Figure 2 gives a conceptual impression of how the vast majority of hospitalized patients 
receive nutrition through a hospital meal service, which should therefore be seen as 
the first line in this nutritional support triangle. A minority of the patients are supported 
with ONS, tube or parenteral feeding. Therefore, optimization of a hospital meal service 
is likely to benefit the entire hospital population.  
FoodforCare
Recently, the Radboud university medical center in Nijmegen, The Netherlands, innovated 
its local hospital meal service by means of a concept that has been coined as FoodforCare. 
Based on patients’ wishes and preferences, this concept implies that patients are offered 
a 6-meals per day service where special attention is paid to the presentation and aroma 
of these meals. At the bedside, patients are offered one or more small protein-rich dishes 
from a choice of 3. Specially trained nutritional assistants play a key role in recommending 
Figure 2. Schematic impression of current steps in nutritional support from hospital meal service 
(majority of patients) to parenteral feeding (minority of patients) in hospitalized patients. The black 
arrow indicates the number of patients.
           Hospital meal service 
and oral nutritional supplements (ONS)
Oral nutritional supplements
Tube feeding
Parenteral
  feeding
Hospital meal service 
Minority
Majority
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and delivering these meals and assist patients in choosing the most optimal dish based on 
their nutrition order. This is in sharp contrast with the previous traditional hospital meal 
service which consisted of three meals a day, and where patients selected their daily main 
course themselves unassisted from a form early in the morning.
Out-of-hospital meal services
Globally, the average duration of hospital stay nowadays has decreased substantially, 
from almost ten days in 2000 to eight days in 2015 (23), and hence recovery mainly takes 
place at home. This trend is likely to sustain in the coming years. Considering the high 
prevalence of malnutrition at admission and (even higher) at discharge, the development 
of more long-term therapeutic nutritional interventions before and after hospitalization 
will become increasingly important. In elderly patients, such interventions have promised 
to improve nutritional intake and quality of life.(24) 
GAPS IN KNOWLEDGE
Based on the current literature there are still a number of gaps in our knowledge, as 
a result of a lack of evidence from well-designed interventional studies, regarding 
the development, implementation and efficacy of meal service interventions. For instance, 
this concerns:
 ∙ Key elements that define an optimal hospital meal service and decide its success.
 ∙ Key elements that define an optimal meal service in the out-of-hospital setting and 
decide its success.
 ∙ What outcome measures should be used to assess the success of a meal service and 
how should these be standardized.
 ∙ A complete process framework to guide clinicians and researchers, including known 
barriers and enablers, to implement effective hospital mealtime interventions.
AIM 
The long-term vision of this thesis is to optimize meal services in the hospital setting, as 
well as in the out-of-hospital setting. For this purpose, we formulated two main aims: 
1. To establish the effects of currently available in-hospital meal services in 
hospitalized patients. 
2. To assess the effects of meal services in the out-of-hospital setting.
APPROACH
The described aims above were addressed by evaluating available literature and by 
building on this knowledge by performing a number of clinical trials in the in- and out-of 
hospital settings.
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Systematic reviews
We performed systematic reviews of randomized controlled trials, cohort and cross 
sectional studies to establish which elements are essential in optimal meal services in both 
the hospital and out-of-hospital setting. A systematic review collects all available evidence 
and is considered one of the highest grades of evidence. We assessed all studies and 
gave an overview of current meal service interventions including the different elements 
they consist of and the described outcomes. As such, we determined essential elements 
in both settings to provide recommendations for optimization of meal services. Thus, 
this first approach provides a starting point for translation of the available evidence into 
daily practice.
Prospective cohort study and randomized controlled trial
First, we designed a prospective cohort study in our medical center to establish the effect 
of our novel hospital meal service on nutritional intake and satisfaction in medical and 
surgical patients, compared to the previous meal services (TMS). Since only one service 
was available at a time, we compared two periods in which either the TMS or FfC 
was provided. This provides us information about the feasibility and effectiveness of 
the intervention. 
Subsequently, we assessed the role of FfC in the distribution of protein intake over 
the day and identified food items contribution to high protein intake, in order to better 
understand and dissect the effect of FfC on protein intake. We also analysed whether 
protein intake was a predictor for clinical outcomes. Since we confirmed that FfC increases 
nutritional intake in the hospital setting, we took this further by designing a randomized 
controlled trial, to evaluate the effect of FfC as a home delivered protein-rich meal service 
in the preoperative setting on various outcomes. 
OUTLINE
As outlined above, there are several important issues in current practice that need to be 
further explored.
PART I: IN-HOSPITAL MEAL SERVICES
In Chapter 2, we systematically review the literature in order to identify elements that are 
essential in any optimal hospital meal service by outlining described outcome measures 
as well as the used methodology of these studies, and we give recommendations to 
facilitate future research. Chapter 3 describes the results of our cohort study that 
investigated the effect of FfC on protein- and energy-intake, compared to the traditional 
3-meals a day service. As a secondary objective we describe the effect of FfC on patients’ 
satisfaction. In Chapter 4, we assess the role of FfC in the distribution of protein intake 
over the day, as compared to the traditional service. We hypothesized that FfC increases 
protein peaks during the main meals together with an increased protein intake with 
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the in-between meals. Our secondary aim here was to identify specific dishes that 
mainly contribute to this higher protein intake for the two services. In Chapter 5 we 
describe the results of a post-hoc analysis of our clinical trial where we analyzed whether 
adequate protein intake predicts hospital length of stay and occurrence of complications. 
Chapter 6 contains our comments on a study entitled ‘’The expert’s guide to mealtime 
interventions – A Delphi method survey’’. 
PART II: OUT-OF-HOSPITAL MEAL SERVICES
In Chapter 7 we systematically reviewed the literature to establish which elements 
of home delivered meal services are effective  in improving nutritional, functional and 
patient reported outcomes in adults at risk of malnutrition. In Chapter 8 we summarize 
the rationale and design of our randomized controlled trial, which evaluate the effect of 
FfC as a home delivered protein-rich meal service in the preoperative setting. The results 
of this study will be presented in another thesis. 
Finally, Chapter 9 provides a general discussion and future perspectives of this thesis. 
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RESEARCH SNAPSHOT
Research question: Which elements are considered essential to a hospital foodservice in 
order to improve nutritional, clinical and patient-reported outcomes?
Key elements: A variety of foodservice programs and strategies have been used to 
improve patient outcomes. These include offering mealtime assistance, encouraging 
patients to choose protein-rich foods, implementing room service, adding protein-enriched 
menu items or replacing existing items with protein-enriched foods, or a combination of 
these interventions. 
ABSTRACT
Background
An adequate in-hospital foodservice is important to optimize protein and energy intake 
and to maintain or improve a patient’s nutritional status. Key elements that define an 
optimal foodservice have yet to be identified. 
Objective
To systematically describe the effects of published foodservice interventions on 
nutritional and clinical outcomes and determine which elements should be considered 
essential. Secondly, to describe the outcome measurements used in these studies and 
evaluate their relevance and validity to guide future research. 
Methods
PubMed, Embase, the Cochrane Library, and the Web of Science databases were searched. 
Studies that included assessment of nutritional and/or clinical outcomes of hospital 
foodservice up to December 2017 were eligible. The details of the subject population, 
the type of intervention, and the effects on reported outcomes were extracted from 
each study. 
Results
In total, 33 studies that met inclusion criteria were identified, but only nine (27%) were 
rated as having sufficient methodological quality. These nine studies concluded that 
various elements of a foodservice can be considered essential, including using volunteers 
to provide mealtime assistance, encouraging patients to choose protein-rich foods, adding 
protein-enriched items to the menu, replacing existing items with protein-enriched items, 
giving patients the ability to order food by telephone from a printed menu (room service 
concept), or a combination of these interventions. The inter-study heterogeneity was high 
for both outcome measures and methods. 
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Conclusions
Various foodservice interventions have the potential to improve outcome measures. 
Recommendations are made to facilitate future research.
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INTRODUCTION
An adequate in-hospital foodservice is important for maintaining or improving patient 
nutritional status. An optimal nutritional and especially protein intake is considered crucial 
for patient health and outcomes.(1) The relevance of adequate in-hospital foodservice 
is underscored by the fact that as many as 40% of admitted in-patients suffer from 
malnutrition, and this rate increases with the duration of the hospital stay. (2) Malnutrition 
is associated with numerous complications, including loss of functional tissue (muscle), 
increased infection rates, delayed wound healing, and a prolonged hospital stay. These 
complications have a substantial impact on healthcare resources.(3-6)
Strategies used to provide foodservices for hospital patients differ widely nationally and 
internationally, and the development of each service seems to be mainly driven by logistic 
and financial considerations. According to the literature, a wide range of hospital 
foodservice interventions are available and include changes in food preparation or 
selection, mealtime assistance programs, and protection of mealtimes; yet the key 
elements that define an optimal foodservice have not yet been identified. (7, 8) Additionally, 
currently available systematic reviews on this topic tend to focus narrowly on one specific 
intervention. Outcome measures reported in these studies also range widely from food 
intake to nutritional status, and the way of measuring  each outcome was different across 
the studies. (9)
To improve nutritional intake during hospitalization and address the high prevalence 
of malnutrition and associated complications, essential elements of hospital foodservices 
should be determined.  Therefore, the aims of this study was to systematically describe 
the effects of available foodservice interventions on nutritional, clinical and patient-
reported outcomes and determine those elements that should be considered 
essential; and  secondly, to discuss the outcome measurements used in these studies 
and evaluate their relevance and validity in guiding future research.
MATERIALS AND METHODS
Data sources and search strategy 
A systematic literature search was performed in PubMed, Embase, the Cochrane Library, 
and the Web of Science through December 2, 2017. The following medical subject 
heading terms were used: food service, hospital, menu planning, and hospitalization. 
The search was expanded as described in Table 1 to identify additional relevant studies 
in which the snowball search method was used. The search was restricted to randomized 
controlled trials (RCTs), cohort studies, and cross-sectional studies. No restrictions were 
imposed on language or publication date. 
Eligibility criteria
The articles included in the systematic review met the following criteria: 1) adult 
hospitalized patients; 2) nutritional and/or clinical outcomes; and 3) intervention in 
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a hospital foodservice. For criterion 3, an intervention in one of the following subcriteria 
was utilized: 3a) preparation and composition of meals, 3b) menu, 3c) meal delivery, 
3d) meal time assistance, or 3e) mealtime environment. Studies that met the following 
criteria were excluded: 1) patients on parenteral and/or tube feeding; 2) financial or 
health worker–centered outcome measures; 3) non-hospital facilities and services (e.g., 
nursing homes, rest homes, assisted-living facilities, and home-delivered meal services); 
or 4) limited food preparation changes (e.g. reducing the use of salt in meal preparation). 
When questions were raised regarding the manuscript or in case the full text was not 
available online, the authors of the manuscript were contacted. The article was excluded 
if efforts to contact the author(s) was unsuccessful.
Study selection
Two reviewers independently screened the title, abstract, and full text. Any discrepancies 
were resolved through discussion until consensus or by bringing in a third reviewer. Any 
duplicate studies were excluded.
Data extraction 
The following data were extracted by the two reviewers and reported in Supplementary 
Table 1: first author, year of publication, study design, number of patients, type of 
patient group, mean age, study duration, type of control and intervention, outcome 
Table 1. Expanded search of a systematic review of inpatient foodservices (2nd December 2017).
Database Search
Embase ((Hospital food service) OR (menu planning*.ti,ab. OR foodservice*.ti,ab. OR 
food service*.ti,ab. OR mealservice*.ti,ab. OR meal service*.ti,ab. OR food 
deliver*.ti,ab. OR meal provision*.ti,ab. OR meal deliver*.ti,ab. OR mealtime*.
ti,ab. OR meal time*.ti,ab.)) AND ((hospitalization/) OR (hospital patient/ OR 
aged hospital patient/ OR hospitalized adolescent/) OR ((hospital* OR inpatient* 
OR patient OR patients).ti,ab.))
Pubmed ((((“Food Service, Hospital”[Mesh]) OR “Menu Planning”[Mesh])) OR 
((menu planning*[tiab] OR foodservice*[tiab] OR food service*[tiab] 
OR mealservice*[tiab] OR meal service*[tiab] OR food deliver*[tiab] 
OR meal provision*[tiab] OR meal deliver*[tiab] OR mealtime*[tiab] 
OR meal time*[tiab]))) AND ((“Hospitalization”[Mesh:noexp]) OR 
(((“Patients”[Mesh:noexp]) OR “Adolescent, Hospitalized”[Mesh]) OR 
“Inpatients”[Mesh]) OR (Hospital*[tiab] OR Inpatient*[tiab] OR Patient[tiab] OR 
patients[tiab]))
Web of science “Food service” and (“Hospitalization” OR “Inpatient”)
Cochrane (“Food service” OR  “menu planning” OR foodservice* OR “hospital food 
service” OR mealservice* OR “meal service” OR “meal deliver” OR “food 
deliver” OR mealtime* OR “meal time”) AND (hospitalization OR hospital OR 
inpatient OR *patient)
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measurement(s), how outcomes were measured, results and discussion, including 
reviewers’ judgment of study’s limitations and strengths. In all the included studies, 
the statistical significance was described using a significance level, α, of 0.05. The reporting 
followed the recommendations of the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement. (10)
Quality assessment
Two authors independently performed a quality assessment for each study using 
the Quality Criteria Checklist for Primary Research (QCCPR), which includes criteria to 
determine the validity and bias of the study. (11) This checklist has also been used in other 
systematic reviews regarding hospital foodservice interventions. (12, 13) The assessment 
of the overall quality of evidence per outcome using the Grades of Recommendation 
Assessment, Development and Evaluation (GRADE) system was not possible given 
heterogeneity of outcomes.
Blinding (validity question 5) was rated not applicable when patients were aware 
of their group allocation due to the nature of the intervention, such as in volunteer 
assistance interventions or when outcomes were measured via survey, questionnaire, 
or interview. To accurately measure and judge food intake (validity question 7), daily 
protein and/or energy intake were weighed after each meal or estimated by a validated 
measurement tool and compared to individual requirements. Validated questionnaires 
were used to measure satisfaction. 
Each article was rated as positive (strong quality, generalizability, data collection 
and analysis, limited bias), neutral (neither exceptionally strong nor weak in quality) or 
negative (weak quality, data collection and analysis, likely bias) according to the checklist 
guidelines. The missing details within each validity question yielded the rating “no.” Any 
disagreements over ratings were resolved by discussion until consensus or by bringing in 
a third reviewer. 
Data synthesis and analysis
To provide a concise overview of the included nutritional intervention(s), the type of 
intervention(s) were separately reported (Table 2). “Before mealtime” interventions 
included preparation and composition, menu and meal delivery, and “during mealtime” 
interventions included mealtime assistance and protected mealtime. All term definitions 
were available from cited sources and mentioned in Table 3. The effect on each outcome 
measure was stated as significantly positive, not different or significantly negative as 
compared to the control group. A meta-analysis was impossible to perform because of 
the heterogeneity of the interventions and outcomes.
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RESULTS
Study selection
Based on the inclusion criteria, 8486 titles and abstracts of potential interest were 
identified. After the exclusion of 2902 duplicate articles, 5584 records were screened, 
and 42 full texts were assessed for eligibility. Of these eligible articles, 33 were included 
in the qualitative synthesis, according to the flowchart in Figure 1.
Study characteristics
Four RCTs were included and most of the other studies included investigations that were 
prospective cohort studies, including seven with a crossover design. The studies were 
conducted in various countries and continents and between 1996 and 2017. The number 
of enrolled patients ranged from 8 to 1012. 
Data extraction
Table 2 shows the type of foodservice intervention(s) in each study, the various outcome 
measures used and the quality assessment of the study. Supplementary Table 1 includes 
all the extracted data.
Records identified in 
Pubmed etc databases 
(n =8486) 
Additional records 
identified through snowball 
search method (n = 4) 
Records after removal of duplicates (n =5584) 
Records screened (n = 5584) 
Records removed based on 
exclusion criteria (n = 5542) 
Full-text articles 
assessed for 
 eligibility (n = 42) 
Full-text articles excluded (n=9) 
- Non-English (n=1) 
- Abstract only (n=2) 
- Pilot study (n=1)  
- No nutritional/clinical outcomes 
(n=5)  
Studies included in 
qualitative synthesis 
(n = 33) 
Sc
re
en
in
g 
 
In
cl
ud
ed
 
 
El
ig
ib
ili
ty
 
 
Id
en
tif
ic
at
io
n 
 
Figure 1. Flow diagram of the literature search for a systematic review aiming to determine which 
elements are essential in an optimal hospital foodservice.
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Table 2. Overview of foodservice intervention(s), outcome measures and quality assessment of 
33 studies included in a systematic review of inpatient foodservices intervention studies.
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Beelen  
et al. (2017)(14)
147 Food fortification: 
Regular food items 
replaced by various 
protein-enriched 
intervention products.
+Protein intake
+Meeting  protein 
requirements
+Energy intake
±Carbohydrate intake
±Fat intake 
The consumed portion 
was determined by 
asking the patient. 
Bodyweight measured 
using a SECA scale.
Positive
Dijxhoorn  
et al. (2017)(31)
637 Meal choice
at bedside: At bedside, 
meal choice of 3 small 
protein-rich meals, 6 
times a day.
Nutritional assistants: 
Nutritional assistants 
recommended protein-
rich choices and assisted 
in choosing most 
optimal menu item.
+Energy intake
+Protein intake
+Meeting energy 
requirements
+Meeting protein 
requirements Satisfaction
Plates measured 
before and after 
consumption. 
Satisfaction measured 
with a validated 
questionnaire.
Positive
Doorduijn  
et al. (2015)(44) 
337 À la carte: Foods/ 
drinks ordered by 
telephone from 
a printed menu between 
7 am and 7 pm. 
Delivered within 45 min.
±Energy intake
±Protein intake
+Satisfaction
±Bodyweight
Intake calculated using 
food lists (recorded 
twice per week by 
nurse). Satisfaction 
measured with 
a nutrition-related QoL 
questionnaire.
Body weight and 
handgrip strength 
measured using scale 
and dynamometer.
Positive
Lindman  
et al. (2013) (32)
86 Food caregivers: 
Kitchen assistants 
trained as food 
caregivers serve snacks, 
guide patients,  
motivate eating.
+Meeting energy 
requirements
±Meeting  
protein requirements
Food weighed before 
serving and leftovers 
registered by nurses. 
Daily intake calculated 
as the average of 
a three-day assessment.
Positive
Manning  
et al.
(2012)(30)
23 Volunteers at 
lunchtime: Volunteers 
assisted at lunch on 
weekdays trained to 
feed, encourage higher 
energy and protein 
portions of meals.
±Daily energy intake
+Daily protein intake
+Lunchtime energy 
intake
+Lunchtime protein 
intake
±Meeting energy 
requirements
+Meeting protein 
requirements
Intake calculated by 
using standard average 
weight for serving sizes 
and weighing leftovers. 
Intake of in-between 
snacks noted through 
visual estimates  
and questioning. 
Requirements  
estimated using  
the Schofield equation.
Positive
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Table 2. Overview of foodservice intervention(s), outcome measures and quality assessment of 
33 studies included in a systematic review of inpatient foodservices intervention studies.
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Beelen  
et al. (2017)(14)
147 Food fortification: 
Regular food items 
replaced by various 
protein-enriched 
intervention products.
+Protein intake
+Meeting  protein 
requirements
+Energy intake
±Carbohydrate intake
±Fat intake 
The consumed portion 
was determined by 
asking the patient. 
Bodyweight measured 
using a SECA scale.
Positive
Dijxhoorn  
et al. (2017)(31)
637 Meal choice
at bedside: At bedside, 
meal choice of 3 small 
protein-rich meals, 6 
times a day.
Nutritional assistants: 
Nutritional assistants 
recommended protein-
rich choices and assisted 
in choosing most 
optimal menu item.
+Energy intake
+Protein intake
+Meeting energy 
requirements
+Meeting protein 
requirements Satisfaction
Plates measured 
before and after 
consumption. 
Satisfaction measured 
with a validated 
questionnaire.
Positive
Doorduijn  
et al. (2015)(44) 
337 À la carte: Foods/ 
drinks ordered by 
telephone from 
a printed menu between 
7 am and 7 pm. 
Delivered within 45 min.
±Energy intake
±Protein intake
+Satisfaction
±Bodyweight
Intake calculated using 
food lists (recorded 
twice per week by 
nurse). Satisfaction 
measured with 
a nutrition-related QoL 
questionnaire.
Body weight and 
handgrip strength 
measured using scale 
and dynamometer.
Positive
Lindman  
et al. (2013) (32)
86 Food caregivers: 
Kitchen assistants 
trained as food 
caregivers serve snacks, 
guide patients,  
motivate eating.
+Meeting energy 
requirements
±Meeting  
protein requirements
Food weighed before 
serving and leftovers 
registered by nurses. 
Daily intake calculated 
as the average of 
a three-day assessment.
Positive
Manning  
et al.
(2012)(30)
23 Volunteers at 
lunchtime: Volunteers 
assisted at lunch on 
weekdays trained to 
feed, encourage higher 
energy and protein 
portions of meals.
±Daily energy intake
+Daily protein intake
+Lunchtime energy 
intake
+Lunchtime protein 
intake
±Meeting energy 
requirements
+Meeting protein 
requirements
Intake calculated by 
using standard average 
weight for serving sizes 
and weighing leftovers. 
Intake of in-between 
snacks noted through 
visual estimates  
and questioning. 
Requirements  
estimated using  
the Schofield equation.
Positive
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Munk  
et al. (2014)(43) 
84 Food fortification: 
Small energy 
enriched menu items, 
supplemented with 
protein powder.
±Energy intake
±Meeting energy 
requirements
+Meeting protein 
requirements
+Protein intake
±Handgrip strength
±Length of stay
Intake visually 
estimated and 
recorded in quartiles. 
Requirements 
calculated using 
basic metabolic 
rate and estimated 
activity factor. Protein 
requirement set 
at 18% of energy 
requirement. Handgrip 
strength measured 
with dynamometer.
Positive
Porter  
et al. (2017) (39)
149 Protected 
mealtimes: 
Doors were closed 
during mealtimes 
and unnecessary 
disruptions  
were minimized.
±Energy intake
±Protein intake
+Energy deficitd
± Protein deficit
Intake  
measured through 
visual estimation. 
Positive
Van der Zanden 
et al. (2015) (45)
208 Encouragement to 
choose fortified foods: 
Verbal prompts given by 
telephone operators to 
encourage ordering of 
fortified foods.
+Nutrient-dense foods 
orders
Food orders noted and 
protein and caloric 
contents of food items 
were retrieved from 
the hospital database. 
Patients expressed 
to what extent they 
consumed the product 
in a questionnaire.
Positive
Young
et al. (2013)(35)
254 Volunteers during 
protected mealtimes: 
Assistant-in-nursing 
staff or members of 
multidisciplinary teams 
assisted with meals 
and completing orders, 
encouraging high-energy 
and protein options.
Protected 
mealtimes: Non-
urgent activities 
and interruptions 
were limited, staff 
members assisted 
during mealtimes.
±Energy intake
+Meeting energy 
requirements
±Protein intake
+Meeting  
protein requirements
Intake through visual 
estimation. Estimated 
requirements 
calculated based on 
BMI and body weight.
Positive
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Munk  
et al. (2014)(43) 
84 Food fortification: 
Small energy 
enriched menu items, 
supplemented with 
protein powder.
±Energy intake
±Meeting energy 
requirements
+Meeting protein 
requirements
+Protein intake
±Handgrip strength
±Length of stay
Intake visually 
estimated and 
recorded in quartiles. 
Requirements 
calculated using 
basic metabolic 
rate and estimated 
activity factor. Protein 
requirement set 
at 18% of energy 
requirement. Handgrip 
strength measured 
with dynamometer.
Positive
Porter  
et al. (2017) (39)
149 Protected 
mealtimes: 
Doors were closed 
during mealtimes 
and unnecessary 
disruptions  
were minimized.
±Energy intake
±Protein intake
+Energy deficitd
± Protein deficit
Intake  
measured through 
visual estimation. 
Positive
Van der Zanden 
et al. (2015) (45)
208 Encouragement to 
choose fortified foods: 
Verbal prompts given by 
telephone operators to 
encourage ordering of 
fortified foods.
+Nutrient-dense foods 
orders
Food orders noted and 
protein and caloric 
contents of food items 
were retrieved from 
the hospital database. 
Patients expressed 
to what extent they 
consumed the product 
in a questionnaire.
Positive
Young
et al. (2013)(35)
254 Volunteers during 
protected mealtimes: 
Assistant-in-nursing 
staff or members of 
multidisciplinary teams 
assisted with meals 
and completing orders, 
encouraging high-energy 
and protein options.
Protected 
mealtimes: Non-
urgent activities 
and interruptions 
were limited, staff 
members assisted 
during mealtimes.
±Energy intake
+Meeting energy 
requirements
±Protein intake
+Meeting  
protein requirements
Intake through visual 
estimation. Estimated 
requirements 
calculated based on 
BMI and body weight.
Positive
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Collins  
et al. (2017)(15) 
122 Food fortification: 
Fortified menu that could 
provide 3680kJ/day and 
24g protein/day more 
than the standard menu.
Visual menu and 
encouragement 
from staff: Visual 
menu implemented for 
mid-meals to display. 
Foodservice staff 
encouraged patients 
to choose an item at 
mid-meals.
+Energy intake
+Protein intake
±Nutritional status
±Satisfaction
Weight measured 
using calibrated seated 
scales. Handgrip 
strength measured with 
dynamo-meter. Intake 
visually estimated using 
a validated 6-point 
scale. Satisfaction 
measured with verbal 
validated questionnaire.
Neutral
Edwards  
et al. (2006) (22)
52 Change in food 
preparation: 
Steamplicity system, 
ready-plated chilled 
meals transported to 
the ward, heated in 
microwave oven.
Meal choice at 
bedside: Meals ordered 
2h prior to meal service 
from an extended 
choice menu.
+Food intake
+Satisfaction
Plates weighed before 
and after consumption 
in the CG. The IG used 
average portion sizes 
from production records 
and measured plates 
after consumption. 
Satisfaction measured 
with interviews 
and a validated 
questionnaire. 
Neutral
Gall  
et al. (1998) (17)
143 Food fortification: 
Nutrients with high 
energy density were 
added to the standard 
hospital menu.
+Energy deficit
±Protein deficit
Intake measured by 
patients, relatives 
and nursing staff 
using intake record 
sheets. Requirements 
estimated using 
the Schofield equation.
Neutral
Goeminne  
et al. (2012)(23)
189 Change in food 
preparation: Food 
served in cart with 
refrigerating and 
heating compartment.
Meal choice at bedside: 
Meal choice and 
portioning at bedside 
during each mealtime.
Food cart: Bulk 
in food cart with 
refrigerating 
and heating 
compartment, 
portioned at bedside.
+Food intake
+Satisfaction
Plates weighed before 
and after consumption. 
Satisfaction measured 
with a validated 
questionnaire.
Neutral
Hartwell  
et al. (2007) (25)
180 Meal choice at 
bedside: Meal choice at 
point of consumption, 
extent of choice is 
limited compared to 
standard system.
Bulk trolley: Meals 
transported by bulk 
in trolley, food stayed 
heated and choice at 
point of service.
+Satisfaction Satisfaction measured 
with a consumer 
opinion card 
Neutral
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Collins  
et al. (2017)(15) 
122 Food fortification: 
Fortified menu that could 
provide 3680kJ/day and 
24g protein/day more 
than the standard menu.
Visual menu and 
encouragement 
from staff: Visual 
menu implemented for 
mid-meals to display. 
Foodservice staff 
encouraged patients 
to choose an item at 
mid-meals.
+Energy intake
+Protein intake
±Nutritional status
±Satisfaction
Weight measured 
using calibrated seated 
scales. Handgrip 
strength measured with 
dynamo-meter. Intake 
visually estimated using 
a validated 6-point 
scale. Satisfaction 
measured with verbal 
validated questionnaire.
Neutral
Edwards  
et al. (2006) (22)
52 Change in food 
preparation: 
Steamplicity system, 
ready-plated chilled 
meals transported to 
the ward, heated in 
microwave oven.
Meal choice at 
bedside: Meals ordered 
2h prior to meal service 
from an extended 
choice menu.
+Food intake
+Satisfaction
Plates weighed before 
and after consumption 
in the CG. The IG used 
average portion sizes 
from production records 
and measured plates 
after consumption. 
Satisfaction measured 
with interviews 
and a validated 
questionnaire. 
Neutral
Gall  
et al. (1998) (17)
143 Food fortification: 
Nutrients with high 
energy density were 
added to the standard 
hospital menu.
+Energy deficit
±Protein deficit
Intake measured by 
patients, relatives 
and nursing staff 
using intake record 
sheets. Requirements 
estimated using 
the Schofield equation.
Neutral
Goeminne  
et al. (2012)(23)
189 Change in food 
preparation: Food 
served in cart with 
refrigerating and 
heating compartment.
Meal choice at bedside: 
Meal choice and 
portioning at bedside 
during each mealtime.
Food cart: Bulk 
in food cart with 
refrigerating 
and heating 
compartment, 
portioned at bedside.
+Food intake
+Satisfaction
Plates weighed before 
and after consumption. 
Satisfaction measured 
with a validated 
questionnaire.
Neutral
Hartwell  
et al. (2007) (25)
180 Meal choice at 
bedside: Meal choice at 
point of consumption, 
extent of choice is 
limited compared to 
standard system.
Bulk trolley: Meals 
transported by bulk 
in trolley, food stayed 
heated and choice at 
point of service.
+Satisfaction Satisfaction measured 
with a consumer 
opinion card 
Neutral
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Hickson  
et al. (2004) (37)
592 Volunteers during 
the day: Additional 
care from healthcare 
assistants to reduce 
malnutrition and 
encourage/enable 
patients to eat.
±Food intakee
±Barthel score
±Infection rate
±Length of stay
±Mid-arm muscle 
circumference
±Mortality rate
±Weight gain
Plates weighed 
before and after 
consumption. 
Bodyweight measured 
with electronic seat 
scale. Circumference 
of arm measured 
and mid-arm muscle 
circumference 
calculated using 
a formula. Handgrip 
strength measured 
with dynamometer.
Neutral
Hickson  
et al. (2007) (24)
57 Change in food 
preparation: 
Steamplicity system, 
ready-plated chilled 
meals transported to 
the ward, heated in 
microwave oven.
Meals ordered 2h 
prior to meal: Meals 
ordered 2h prior to 
meal service from an 
extended choice menu.
Steamplicity: Meals 
were plated and 
sealed before delivery 
and heated in 
microwave at wards
-Energy intake
-Food intake
±Protein intake
Average meal 
weight determined 
by weighing three 
samples of every meal. 
Plate waste weighed 
after consumption.
Neutral
Hickson  
et al. (2011) (40)
490 Protected 
mealtimes: 
Mealtimes 
protected 
from avoidable 
interruptions, 
providing 
environment to 
facilitate eating.
±Energy intake
-Protein intake
Average meal 
weight determined 
by weighing three 
samples of every meal. 
Plate waste weighed 
after consumption
Neutral
Holst  
et al. (2017) (42)
67 Improved 
environment: 
Environment 
improved with 
decorations 
and music. 
Patients received 
a welcome-tray 
upon admission.
±Energy intake
±Protein intake
+ Meeting energy 
requirements
±Meeting protein 
requirements
Intake noted by 
nursing staff and 
patients. Method of 
measurements not 
specified.
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Hickson  
et al. (2004) (37)
592 Volunteers during 
the day: Additional 
care from healthcare 
assistants to reduce 
malnutrition and 
encourage/enable 
patients to eat.
±Food intakee
±Barthel score
±Infection rate
±Length of stay
±Mid-arm muscle 
circumference
±Mortality rate
±Weight gain
Plates weighed 
before and after 
consumption. 
Bodyweight measured 
with electronic seat 
scale. Circumference 
of arm measured 
and mid-arm muscle 
circumference 
calculated using 
a formula. Handgrip 
strength measured 
with dynamometer.
Neutral
Hickson  
et al. (2007) (24)
57 Change in food 
preparation: 
Steamplicity system, 
ready-plated chilled 
meals transported to 
the ward, heated in 
microwave oven.
Meals ordered 2h 
prior to meal: Meals 
ordered 2h prior to 
meal service from an 
extended choice menu.
Steamplicity: Meals 
were plated and 
sealed before delivery 
and heated in 
microwave at wards
-Energy intake
-Food intake
±Protein intake
Average meal 
weight determined 
by weighing three 
samples of every meal. 
Plate waste weighed 
after consumption.
Neutral
Hickson  
et al. (2011) (40)
490 Protected 
mealtimes: 
Mealtimes 
protected 
from avoidable 
interruptions, 
providing 
environment to 
facilitate eating.
±Energy intake
-Protein intake
Average meal 
weight determined 
by weighing three 
samples of every meal. 
Plate waste weighed 
after consumption
Neutral
Holst  
et al. (2017) (42)
67 Improved 
environment: 
Environment 
improved with 
decorations 
and music. 
Patients received 
a welcome-tray 
upon admission.
±Energy intake
±Protein intake
+ Meeting energy 
requirements
±Meeting protein 
requirements
Intake noted by 
nursing staff and 
patients. Method of 
measurements not 
specified.
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Huang  
et al. 
2015 (33)
8 Volunteers at lunchtime: 
Trained volunteers assisted 
lunch on weekdays  
(feeding, position meal 
trays, cutting food 
encourage socialization)
±Energy intake
±Meeting nutritional 
requirements
±Protein intake
Intake determined 
by visually estimating 
the consumed 
portion and noting 
the percentage 
of the meal that 
was consumed. 
Requirements 
estimated using 
the Schofield equation
Neutral
Huxtable  
et al. (2013)(34)
1012 Volunteers during 
protected mealtimes: 
Volunteers, staff and 
visitors assist with  
meals during 
protected mealtimes.
Protected 
mealtimes: Posters 
show protected 
mealtimes, priority 
for meal trolleys, 
tables kept clear 
and within  
patients’ reach.
±Food intake Intake visually 
estimated and noted  
in quartiles. 
Neutral
Lambert  
et al. (1999) (28)
395 Trained foodservice 
personnel (3 IGs): 
Nurse-trained 
foodservice 
employee, or cross-
trained hospital 
employee delivered 
centrally-prepared 
meals directly  
to patients.
±Satisfaction Satisfaction measured 
using a validated 
questionnaire rating 
the quality of service 
and food.
Neutral
Larsen 
et al. (2007) (46)
113 À la carte: Meal ordering 
by telephone up to 24h 
in advance from a color-
coded menu and serving 
within 45 min.
-Carbohydrate intake
±Energy intake
+Fat intake
+Meeting energy 
requirements
Intake registered by 
patients on a pre-
designed paper form.
Neutral
Lörefalt  
et al. (2005) (18)
10 Food fortification: 
Standard hospital diet 
enriched with cream, 
butter, unsaturated oils 
and gruel of maize.
+Carbohydrate intake
+Energy intake
+Fat intake
+Protein intake
Intake was visually 
estimated by nurse 
and the first author. 
Neutral
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Huang  
et al. 
2015 (33)
8 Volunteers at lunchtime: 
Trained volunteers assisted 
lunch on weekdays  
(feeding, position meal 
trays, cutting food 
encourage socialization)
±Energy intake
±Meeting nutritional 
requirements
±Protein intake
Intake determined 
by visually estimating 
the consumed 
portion and noting 
the percentage 
of the meal that 
was consumed. 
Requirements 
estimated using 
the Schofield equation
Neutral
Huxtable  
et al. (2013)(34)
1012 Volunteers during 
protected mealtimes: 
Volunteers, staff and 
visitors assist with  
meals during 
protected mealtimes.
Protected 
mealtimes: Posters 
show protected 
mealtimes, priority 
for meal trolleys, 
tables kept clear 
and within  
patients’ reach.
±Food intake Intake visually 
estimated and noted  
in quartiles. 
Neutral
Lambert  
et al. (1999) (28)
395 Trained foodservice 
personnel (3 IGs): 
Nurse-trained 
foodservice 
employee, or cross-
trained hospital 
employee delivered 
centrally-prepared 
meals directly  
to patients.
±Satisfaction Satisfaction measured 
using a validated 
questionnaire rating 
the quality of service 
and food.
Neutral
Larsen 
et al. (2007) (46)
113 À la carte: Meal ordering 
by telephone up to 24h 
in advance from a color-
coded menu and serving 
within 45 min.
-Carbohydrate intake
±Energy intake
+Fat intake
+Meeting energy 
requirements
Intake registered by 
patients on a pre-
designed paper form.
Neutral
Lörefalt  
et al. (2005) (18)
10 Food fortification: 
Standard hospital diet 
enriched with cream, 
butter, unsaturated oils 
and gruel of maize.
+Carbohydrate intake
+Energy intake
+Fat intake
+Protein intake
Intake was visually 
estimated by nurse 
and the first author. 
Neutral
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Markovski  
et al. (2017) (41)
34 Dining room: 
On three days of 
the week, patients 
were encouraged 
to attend a dining 
room at mealtime, 
instead of eating  
at bedside.
+Energy intake
+Protein intake
Intake determined 
by measuring 
the consumed portion 
of midday meals 
through a 5-point 
scale. sub-analysis 
performed for patients 
with malnutrition, 
cognitive impairment 
and low appetite.
Neutral
McCray  
et al. (2017) (47)
128 À la carte: Meals ordered 
a la carte style by phoning 
anytime between 6:30am 
and 7:00pm, served 
within 45min.
+Energy intake
+Protein intake
+Meeting energy 
requirements
+Meeting protein 
requirements
+Satisfaction
Intake estimated by 
students of dietetics 
and nutrition using 
a 5-points visual scale. 
Satisfaction measured 
using a survey.
Palmer  
et al. (2015) (36)
798 Volunteers during 
protected mealtimes: 
Volunteers, staff and 
visitors assist with  
meals during  
protected mealtimes.
Protected 
mealtimes: Posters 
show protected 
mealtimes, priority for 
meal trolleys, tables 
kept clear and within 
patients’ reach.
±Energy intake
±Protein intake
Intake visually estimated 
and noted in quartiles 
using data collection 
sheets. Intake of 
nutrient-dense items 
noted as more or less 
than 50% consumed. 
Neutral
Pietersma  
et al. (2003) (26)
27 Meal choice at 
bedside: Meal choice 
and portioning at 
bedside during each 
mealtime.
Food cart: Food 
served in bulk using 
an electric food 
cart with a heated 
surface and a lamp.
+Satisfaction Satisfaction measured 
with questionnaire 
regarding food, 
appearance, 
temperature, portion 
size, variety and time 
of service.
Neutral
Roberts  
et al. (2017) (38)
407 Volunteers at 
lunchtime: Volunteers 
attended a half-day 
training and assisted 
nursing staff on 
intervention wards 
during lunchtimes.
±Energy intake
±Protein intake
All leftovers were 
weighed during 
the day. Subgroup 
analysis performed for 
patients with a risk of 
malnutrition, confusion 
and use of soft diets 
and sip feeds.
Neutral
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Markovski  
et al. (2017) (41)
34 Dining room: 
On three days of 
the week, patients 
were encouraged 
to attend a dining 
room at mealtime, 
instead of eating  
at bedside.
+Energy intake
+Protein intake
Intake determined 
by measuring 
the consumed portion 
of midday meals 
through a 5-point 
scale. sub-analysis 
performed for patients 
with malnutrition, 
cognitive impairment 
and low appetite.
Neutral
McCray  
et al. (2017) (47)
128 À la carte: Meals ordered 
a la carte style by phoning 
anytime between 6:30am 
and 7:00pm, served 
within 45min.
+Energy intake
+Protein intake
+Meeting energy 
requirements
+Meeting protein 
requirements
+Satisfaction
Intake estimated by 
students of dietetics 
and nutrition using 
a 5-points visual scale. 
Satisfaction measured 
using a survey.
Palmer  
et al. (2015) (36)
798 Volunteers during 
protected mealtimes: 
Volunteers, staff and 
visitors assist with  
meals during  
protected mealtimes.
Protected 
mealtimes: Posters 
show protected 
mealtimes, priority for 
meal trolleys, tables 
kept clear and within 
patients’ reach.
±Energy intake
±Protein intake
Intake visually estimated 
and noted in quartiles 
using data collection 
sheets. Intake of 
nutrient-dense items 
noted as more or less 
than 50% consumed. 
Neutral
Pietersma  
et al. (2003) (26)
27 Meal choice at 
bedside: Meal choice 
and portioning at 
bedside during each 
mealtime.
Food cart: Food 
served in bulk using 
an electric food 
cart with a heated 
surface and a lamp.
+Satisfaction Satisfaction measured 
with questionnaire 
regarding food, 
appearance, 
temperature, portion 
size, variety and time 
of service.
Neutral
Roberts  
et al. (2017) (38)
407 Volunteers at 
lunchtime: Volunteers 
attended a half-day 
training and assisted 
nursing staff on 
intervention wards 
during lunchtimes.
±Energy intake
±Protein intake
All leftovers were 
weighed during 
the day. Subgroup 
analysis performed for 
patients with a risk of 
malnutrition, confusion 
and use of soft diets 
and sip feeds.
Neutral
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Barton  
et al. (2000) (20)
35 Food fortification: 
Reduced portion sizes 
with increased  
energy density.
+Energy intake
+Protein intake
Each plate of lunch 
and dinner was 
weighed before and 
after consumption. 
Intake of breakfast and 
snacks was estimated. 
Daily intake compared 
to the recommended 
intake.
Negative
Freil  
et al. (2006) (19)
969 Food fortification: 
Meals with increased 
energy density by 
adding fat.
Additional menu 
options: Meals chosen 
from a menu offering 
at least one first course, 
two main courses and 
two desserts.
+Energy intake
+Protein intake
+Satisfaction
Plates weighed 
before and after 
consumption. 
Satisfaction measured 
with questionnaire. 
Negative
Olin  
et al. (1996) (21)
36 Food fortification: 
Energy-enriched lunch 
and dinner of standard 
hospital diet to increase 
energy density with 50%.
+Energy intake
+Bodyweight
±Norton scale
Intake visually 
estimated and recorded 
in quartiles. Body 
weight measured every 
3 weeks, and 6 weeks 
after completion. 
Norton scale includes 
variables of  
functional condition.
Negative
Robinson  
et al. (2002) (29)
68 Volunteers during 
the day: Volunteers 
were trained to improve 
appetite and intake, 
records patients’  
food intake.
+Food intake Intakes measured 
by nurses and Meal 
Mates who recorded 
the percentage of 
the tray consumed. 
Negative
Wilson  
et al. (2000)(27)
108 Meal choice at 
bedside: Printed menu 
filled in at wards. Menu 
choice was adapted at 
point of service.
Bulk trolley :  
Meals transported 
in containers and 
regenerated in bulk 
to wards, plated from 
a hostess trolley.
+Carbohydrate intake
+Energy intake
+Fat intake
+Protein intake
Food items for lunch 
and supper weighed 
separately before and 
after consumption.
Negative
a Specification on the type of interventions - before mealtime (preparation and composition; menu; meal delivery) and 
during mealtime (mealtime assistance; protected mealtime) - is reported.
b  +: Positive effect of intervention on outcome measure (compared to control). ±: No significant difference between 
intervention and control.
- : Negative effect of intervention on outcome measure (compared to control). 
c Quality of Research (positive, neutral or negative) is based on the Quality Criteria Checklist for Primary Research.(11)
d Deficit calculated as the difference between estimated intake and estimated requirements. 
e Food intake: intake measured by the weight (g) of the consumed food items (not specific macronutrients).
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Table 2. (continued)
First author 
Year
Number
of patients
Intervention before mealtimea Intervention during mealtimea
Outcomesb
Methods of 
measurements QoRc
Meal preparation  
and composition
N=11
Menu 
Intervention N=13 Meal delivery N=6
Mealtime  
assistance N=10
Mealtime 
environment N=7
Barton  
et al. (2000) (20)
35 Food fortification: 
Reduced portion sizes 
with increased  
energy density.
+Energy intake
+Protein intake
Each plate of lunch 
and dinner was 
weighed before and 
after consumption. 
Intake of breakfast and 
snacks was estimated. 
Daily intake compared 
to the recommended 
intake.
Negative
Freil  
et al. (2006) (19)
969 Food fortification: 
Meals with increased 
energy density by 
adding fat.
Additional menu 
options: Meals chosen 
from a menu offering 
at least one first course, 
two main courses and 
two desserts.
+Energy intake
+Protein intake
+Satisfaction
Plates weighed 
before and after 
consumption. 
Satisfaction measured 
with questionnaire. 
Negative
Olin  
et al. (1996) (21)
36 Food fortification: 
Energy-enriched lunch 
and dinner of standard 
hospital diet to increase 
energy density with 50%.
+Energy intake
+Bodyweight
±Norton scale
Intake visually 
estimated and recorded 
in quartiles. Body 
weight measured every 
3 weeks, and 6 weeks 
after completion. 
Norton scale includes 
variables of  
functional condition.
Negative
Robinson  
et al. (2002) (29)
68 Volunteers during 
the day: Volunteers 
were trained to improve 
appetite and intake, 
records patients’  
food intake.
+Food intake Intakes measured 
by nurses and Meal 
Mates who recorded 
the percentage of 
the tray consumed. 
Negative
Wilson  
et al. (2000)(27)
108 Meal choice at 
bedside: Printed menu 
filled in at wards. Menu 
choice was adapted at 
point of service.
Bulk trolley :  
Meals transported 
in containers and 
regenerated in bulk 
to wards, plated from 
a hostess trolley.
+Carbohydrate intake
+Energy intake
+Fat intake
+Protein intake
Food items for lunch 
and supper weighed 
separately before and 
after consumption.
Negative
a Specification on the type of interventions - before mealtime (preparation and composition; menu; meal delivery) and 
during mealtime (mealtime assistance; protected mealtime) - is reported.
b  +: Positive effect of intervention on outcome measure (compared to control). ±: No significant difference between 
intervention and control.
- : Negative effect of intervention on outcome measure (compared to control). 
c Quality of Research (positive, neutral or negative) is based on the Quality Criteria Checklist for Primary Research.(11)
d Deficit calculated as the difference between estimated intake and estimated requirements. 
e Food intake: intake measured by the weight (g) of the consumed food items (not specific macronutrients).
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Risk of bias assessment
All the included studies met the relevance criteria of the QCCPR, enabling the completion 
of the validity questions (Supplementary Table 2; overall rating included in Table 2). 
Nine studies were rated positive, 19 were rated neutral, and five were rated negative. 
The inter-rater reliability between both reviewers was high (96%); all but 14 of 330 
validity questions were rated similarly. 
Foodservice interventions
Table 2 summarizes the effects of the implemented foodservice interventions per 
study, including the definition of each intervention and details on outcome measures. 
The positively rated studies are listed at the top of Table 2.
Meal preparation- and composition-interventions
Eight of 11 studies (73%) reported a food fortification intervention (14-21) in which a positive 
effect was established on one or more outcome measures (ratings: three negative, three 
Table 3. Clarification of terms and concepts used in a systematic review of inpatient foodservices 
intervention studies.
Term Definition
Foodservices Functions, equipment and facilities concerned with the preparation 
and distribution of ready-to-eat food. (MeSH term, Pubmed)
Hospital Institutions with an organized medical staff, which provide medical 
care to patients.(MeSH term)
Preparation and 
composition intervention
Changes in the preparation and composition of meals, ranging from 
an increase in protein or caloric content, i.e. food fortification (20), to 
a different way of preparing meals (e.g. steaming).(22, 24)
Meal delivery intervention Changes in meal delivery from kitchen to patient:  change in 
the transferring unit, e.g. use of a food cart or choice at the point of 
consumption (trolley) (25, 26), or a change in meal delivery staff.(28)
Mealtime assistance Assistance of patients during meal consumption, e.g. by volunteers.(59)
Mealtime environment Changes in the surroundings during mealtime, such as protected 
mealtimes (35) or modifications in the physical environment during 
mealtime (e.g. eating in a communal dining room, improving 
environmental aesthetics or listening to music during mealtime).(41, 42)
Menu intervention Changes in food selection and/or in the way of ordering and/or 
adjustments in layout of printed menu.(12)
Protected mealtimes Mealtimes protected from avoidable interruptions, in a way that 
patients could eat without being disturbed.(60) 
Steamplicity A foodservice system that operates by preparing food, encapsulated 
in plastic film with a special steam valve. The meal is heated by 
microwave, which allows pressurized steam to be trapped in 
the sealed covers, maintaining a constant steam pressure.(22, 24)
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neutral, and two positive). Of the three studies that aimed to alter the method of hospital 
food preparation by serving food in a cart with integrated refrigeration and heating 
compartments or using a steamplicity system, two showed improvement on food intake 
and satisfaction (22, 23) and one reported a negative effect on food- and energy intake 
(ratings: neutral). (24)
Menu interventions
In 12 of 13 studies (92%), a positive effect was established on one or more outcome 
measures by implementing interventions such as an a la carte system (n=3) or by choosing 
menu items at the bedside (n=6; quality rating ranges from negative [n=2] to positive 
[n=3]). Only one study, which was rated neutral, found significantly negative effects on 
food- and energy intake.(24)
Meal delivery interventions
In these six studies, the interventions mostly pertained to different ways of transporting 
the meals from the kitchen to the patients. Four of the six studies (67%) implemented 
a bulk trolley system and reported positive effects on outcome measures.(23, 25-27) However, 
one study found no significant effects (28) and one reported a negative effect.(24) These 
meal delivery intervention studies were all rated neutrally, except for one study that was 
rated negative.(27)
Mealtime assistance 
Across the mealtime assistance studies (n=10), volunteers assisted at various mealtimes 
during the day. Four of ten studies (40%) showed a positive effect on one or more 
outcome measures, such as daily protein intake (ratings: three were positive and one was 
negative).(29-32) In six of 10 studies (60%), no significant improvements were observed (5 
rated neutral, 1 rated positive).(33-38) 
Mealtime environment
In five of seven studies (71%), protected mealtimes were implemented, and one study 
showed some improved outcome measures (ratings: positive).(39) Three of five studies 
(60%) showed no significant changes (ratings: two were neutral and one positive), and 
one study showed a negative effect on outcome measures (rating: neutral). (40) In the other 
two neutral rated studies, all outcome measures improved when patients were encouraged 
to eat in a dining room,(41) and positive effects on some outcomes were reported when 
the environmental aesthetics improved and written information on nutrition was given.(42)
Studies with a positive quality rating
Based on the critical appraisal of the reviewers, nine studies were rated as positive, 
meaning relevant outcomes were used. Two studies on preparation and composition 
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showed a positive effect on meeting the protein requirements. The interventions were 
serving protein-enriched products (14) and offering small energy-enriched menu items 
that were supplemented with protein powder.(43) Two studies on mealtime assistance 
measured protein and energy intake in different ways and reported either improved 
energy requirements (32) or improved protein requirements.(30) Another study that 
evaluated the mealtime environment with protected mealtimes showed no improvement 
in protein and energy intake, but the energy deficit was reduced. (39)  One study on 
menu intervention that allowed foods and drinks to be ordered by telephone from 
a printed menu found no effect on nutritional intake but reported a positive effect on 
satisfaction.(44) Another study in which verbal prompts to encourage ordering fortified 
foods were given by telephone operators showed an improvement in the amount of 
ordered target products. (45) Two studies implemented more than one intervention. One 
of these studies reported improved protein and energy requirements by serving protein-
rich menu items six times a day at the bedside with proactive advice from nutritional 
assistants.(31) The other study reported an improvement in the number of patients who met 
their energy and protein requirements by implementing protected mealtimes, additional 
mealtime assistance, or a combination of both.(35) Studies that included a meal delivery 
intervention were not rated positively. All other studies were rated negative (n=18) or 
neutral (n=6).
Outcome measures
Nutritional intake was measured in 30 of 33 studies (91%). It was defined as the intake 
of energy and/or specific macronutrients in 77% of the studies and was mostly reported 
in grams per day or energy intake in kcal/day or kJ/day. Nine of the 30 studies (30%) 
mentioned intake relative to nutritional requirements.(16, 17, 30-33, 42, 46, 47) Various time frames 
and methods were used to measure nutritional intake among the studies: 14 studies 
(43%) measured just the main meals, and 16 studies (53%) also included in-between 
meal snacks. Twelve of 30 studies (40%) used a scale to weigh meals before and after 
mealtime, whereas 16 studies (53%) visually estimated what portion of the meal was 
consumed. The portion of food consumed was reported in exact percentages in eight 
studies, on a 6-point scale in one, and in quartiles (<25%, 25% to 50%, etc.) in seven. 
Patient satisfaction was measured in 10 of 33 studies (30%). Questionnaires were validated 
in five of these studies (50%). The questionnaires that were used were the Nutrition 
Related–Quality of Life Questionnaire (NR-QoLQ), (44) which rates the various elements of 
the meal such as choice, delivery, and quality(22); a questionnaire evaluating the effect of 
treatment and disease on the amount of food consumed(23, 31); and a consumer opinion 
card to assess patient and staff acceptance of food items served at military hospitals. (25) 
Interviews were conducted in one study, in addition to a questionnaire. (22)  The change in 
nutritional status was assessed in five of the included studies (15%). There were various 
evaluations of nutritional status: change in bodyweight (kg) was measured on seated 
scales or the method of measuring was not mentioned (four studies).(15, 21, 37, 44) Patient 
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handgrip strength (kg) was measured using hand dynamometers in two studies, (16, 37) but 
the method of measuring mid-arm muscle circumference (cm) was not reported in one 
study.(37) One of the 33 studies (3%) reported the clinical outcomes, such as mortality, 
the number of prescribed antibiotics in case of an infection, and length of stay.(37)
DISCUSSION
The primary aim of this study was to provide evidence from the literature on the key 
factors of an optimal hospital foodservice. This systematic review found only nine studies 
that have sufficient methodological quality to meet evidence-based scientific standards.(11) 
Various foodservice interventions were identified (such as using volunteers to provide 
mealtime assistance, encouraging patients to choose protein-rich foods, adding protein-
enriched items to the menu, replacing existing items with protein-enriched foods, 
or ordering of food by telephone from a printed menu) that might improve relevant 
outcome measures, such as meeting nutritional requirements and increasing patient 
satisfaction scores. Another recent systematic review also reported a positive effect of 
mealtime assistance on protein and energy intake in patients older than 65 years.(7) Only 
two studies showed that a combination of interventions–i.e., mealtime assistance and 
choice at bedside or mealtime assistance and protected mealtimes–seemed to improve 
protein and energy intake. Strong evidence to support the implementation of only meal 
delivery interventions was lacking, and the implementation of protected mealtimes 
showed inconsistent results. These findings agree with a previous systematic review, 
which concluded that there was insufficient evidence for the widespread implementation 
of protected mealtimes in hospitals.(13)  Healthcare institutions that seek to change their 
foodservice should take these results into account. To facilitate the implementation of 
an effective foodservice intervention, a pilot study should also be considered to explore 
needs and barriers in the specific settings of a hospital.(48)  Recently, a helpful process 
framework was developed to guide clinicians and researchers before, during, and after 
the implementation of a mealtime intervention. (49) This framework also recommended to 
communicate with other care institutions that have recently changed their foodservice, 
to learn from their experiences. Importantly, this review aimed to establish the effect 
of foodservice interventions only, and dietetic interventional studies were therefore 
not included. However, considerable evidence exists in support of the idea that dietetic 
measures do impact patient outcomes.(50)
The second aim was to focus on reported outcome measures in detail and evaluate 
their relevance and validity to facilitate future research. Nutritional intake was by far 
the most frequently used outcome measure, which is relevant in light of the increased 
risk of malnutrition during admission. Yet, this parameter was often measured 
inaccurately. Many studies merely use visual estimation as a proxy for nutritional 
intake.(51)  Furthermore, although a complete daily record of nutritional intake, including 
in-between meals, is recognized as the optimal method, numerous studies measured only 
one or two main meals during the day. The use of actual nutritional (energy and protein) 
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intake based on the requirements of individual patients is strongly advocated, because 
this measure is a more relevant outcome than the absolute amount (g) of proteins and 
energy consumed.(52) An accurate method to analyze nutrient and meal consumption is by 
subtracting the weight of each food item at the end of each mealtime from the weight at 
serving time.(31)
The effect on patient satisfaction was also measured in various studies using a range 
of questionnaires of non-specified validity. Because patient satisfaction is often related to 
nutritional intake, and food quality is associated with low food intake, an evaluation of 
patient satisfaction seems to be relevant in all foodservice interventions.(53, 54) Therefore, 
the validation of such questionnaires should be a requirement in future research. 
The nutritional status and clinical outcomes did not significantly improve in any of 
the studies, most likely due to the relatively short length of hospital stay.(55)  Extending 
the intervention period to the outpatient setting, before and/or after hospitalization, 
would seem crucial to realize a relevant improvement in these outcomes. Researchers 
are recommended to measure practical repeated values, such as the Patient Generated 
Subjective Global Assessment (PG-SGA) and/or handgrip strength as a nutritional 
marker and functional outcome. Other relevant measurements and standard operating 
procedures are provided on the website of the Dietetic Pocket Guide.(56)
There are other recommendations that can be taken into consideration to guide 
future research. Research reporting guidelines such as the STROBE statement can 
improve the quality of reporting in observational studies and minimize bias. Peer-
reviewed journals should therefore require authors to indicate the guidelines they 
used.(57) Experts in this field should collaborate and develop strict objective criteria, 
such as the inclusion of a regression analysis that accounts for any confounding 
factors that can influence the outcome in nutritional research. Subsequent studies 
that take recommendations into account (Table 4) might result in an improvement 
in the quality of studies, and ultimately, the design of an optimal foodservice in 
the clinical setting. 
This systematic review has strengths and limitations. The heterogeneity across 
the included studies was high for both the type of interventions and outcome measures. 
An adequate overview of this heterogeneous information was presented by categorizing 
each study based on the type of intervention and by reporting the effects on outcomes. 
This approach is novel because previous systematic reviews focused primarily on 
single specific interventions or populations, such as mealtime assistance or elderly 
patients.(7, 8, 12, 13) The QCCPR grading tool is designed to assess the quality of research in 
the field of nutrition and dietetics, with consideration on aspects of dietary measurement 
and related errors. Although this grading tool contains instruction guidelines, some 
aspects of grading are open for interpretation. Therefore, the inter-observer variability 
was minimized as described in the Materials and Methods section. The GRADE system is 
the preferred tool to assess the overall body of evidence based on the outcome measures 
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across studies. Due to the heterogeneity of outcomes, however, the grading of the quality 
of evidence per outcome was not possible.
CONCLUSIONS
A concise overview of evidence-based hospital foodservice interventions was created. 
Based on nine available high quality studies, it was concluded that several types of 
interventions have the potential to improve outcome measures. These interventions 
include the use of volunteers to provide mealtime assistance , encouragement of patients 
to choose protein-rich foods, adding protein-enriched items to the menu, replacing 
existing items with protein-enriched items, ordering food by telephone from a printed 
menu or a combination of the above. Healthcare institutions that wish to improve their 
foodservice might consider one or more of these interventions. 
Table 4. Recommendations to guide future research of inpatient foodservices.
Research question Recommendation
Which elements might 
be essential in an optimal 
hospital foodservice?
 ∙ Based on studies with high quality of evidence:
 ∙ Mealtime (volunteer) assistance (n=2)(30, 32)
 ∙ Encourage patients to choose protein-rich food (n=1)(31) 
 ∙ Adding protein-enriched dishes to the menu (n=1)(16) 
 ∙ Existing dishes replaced by protein-enriched products (n=1)(14)
 ∙ Ordering of food by telephone from a menu card (n=1)(44)
 ∙ Mealtime assistance + meal choice at bedside (n=1)(31) 
 ∙ Mealtime (volunteer) assistance + protected mealtimes (n=1)(35)
Which outcomes and 
measurements (M) seem 
to be relevant and valid to 
use in future nutritional 
intervention trials?
Nutritional intake: daily protein and energy intake relative to 
requirements. (M) Weight on calibrated scale before and  
after consumption. 
Satisfaction regarding quality of meals and foodservice. 
(M) Validated questionnaire, depending on research question,  
review literature. 
Out-of-hospital: Nutritional status: e.g. Patient Generated 
Subjective Global Assessment. Functional status: e.g. handgrip 
strength. (M) By using Standard Operating Procedures.(56)
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Supplementary Table 1. Data extraction of included studies in a systematic review of 
inpatient foodservices.
First author 
Year
Design
n
Sample
Mean ±SD or  
median [Range]  
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Barton
2000
RCT with crossover
35
Elderly rehabilitation ward 
(19/35 with CVA)
CG: 75 ± 11
IG1: 77 ± 8
IG2: 78 ± 9
56 days (14-day cycles). 
IG2 group does not cross 
over.
CG: Normal menu (n=13): standard cereal 
breakfast
IG1: Fortified menu: Reduced portion sizes with 
increased energy density (n=14)
IG2: Cooked breakfast: Normal menu with cooked 
breakfast (varying daily from tomatoes on toast 
to eggs and bacon) to replace the standard cereal 
breakfast. (n=8)
Energy and protein intake:  
Each plate of lunch and dinner 
weighed before and after 
consumption. Intake calculated 
by subtracting waste from food 
provided. Intake of breakfast and 
snacks estimated. Daily intake 
was noted compared to patients’ 
recommended level of intake.
Energy intake at lunch and 
supper: IG1 and IG2 higher intakes 
than CG: 1111±195 kcal (IG1) vs. 
916±176 kcal (IG2) vs. 825±136 
kcal (CG).
Protein intake at lunch and 
supper: CG had higher intakes than 
IG2: 34±7 g (CG) vs. 31±6 g (IG2). 
No difference between CG and IG1.
Mean daily energy intake: 
Close to recommended levels on 
average. Higher intake in the IGs 
than in the CG: 1711±195 (IG1) vs. 
1744±176 (IG2) vs. 1425±136 (CG).
Mean daily protein intake: Below 
recommended levels on all menus. 
Higher intake in the IG2 than in 
the CG: 57±6 (IG2) vs. 47±7 (CG). 
No difference between CG and IG1.
Strengths: 
Design: Part of population 
crossed over. Patients randomly 
allocated. 
Outcome measures: Intake 
analyzed on group basis and 
individual basis. Food weighed 
before and after consumption. 
Limitations: 
Outcome measures: Nutritional 
requirements not taken into 
account.
Beelen
2017
RCT
147
Medical wards
CG: 79.2 ± 7.0
IG: 77.7 ± 7.8
6 months. Both groups 
observed simultaneously
CG: Standard menu
Standard energy- and protein-rich hospital menu for 
patients aged ≥65 years. (n=80)
IG: New menu
Same standard menu, but regular products were 
replaced by intervention products and some 
additional options. (n=67)
Nutritional intake:
Protein intake on day 4 adjusted 
for bodyweight. 
Percentage of reached protein 
requirements (1,2g/kg/d). 
Intake of energy and other 
macronutrients. Patients were 
asked how much of the portion 
was consumed. BW measured on 
SECA scale. 
Nutritional intake:
Protein intake was higher in IG 
(105.7g; 1.51g/kg BW) than CG 
(88.2g; 1.22g/kg BW).  Fulfillment of 
protein requirements was higher in 
IG than CG (79% vs. 48%).
Energy intake was higher in IG 
than CG (31.1 vs. 28.6kcal/kg). No 
difference in intake of carbohydrates 
and fat.
Strengths:
Outcome: Protein requirements 
were taken into account.
Limitations:
Outcome: Energy requirements 
were not taken into account.
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Supplementary Table 1. Data extraction of included studies in a systematic review of 
inpatient foodservices.
First author 
Year
Design
n
Sample
Mean ±SD or  
median [Range]  
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Barton
2000
RCT with crossover
35
Elderly rehabilitation ward 
(19/35 with CVA)
CG: 75 ± 11
IG1: 77 ± 8
IG2: 78 ± 9
56 days (14-day cycles). 
IG2 group does not cross 
over.
CG: Normal menu (n=13): standard cereal 
breakfast
IG1: Fortified menu: Reduced portion sizes with 
increased energy density (n=14)
IG2: Cooked breakfast: Normal menu with cooked 
breakfast (varying daily from tomatoes on toast 
to eggs and bacon) to replace the standard cereal 
breakfast. (n=8)
Energy and protein intake:  
Each plate of lunch and dinner 
weighed before and after 
consumption. Intake calculated 
by subtracting waste from food 
provided. Intake of breakfast and 
snacks estimated. Daily intake 
was noted compared to patients’ 
recommended level of intake.
Energy intake at lunch and 
supper: IG1 and IG2 higher intakes 
than CG: 1111±195 kcal (IG1) vs. 
916±176 kcal (IG2) vs. 825±136 
kcal (CG).
Protein intake at lunch and 
supper: CG had higher intakes than 
IG2: 34±7 g (CG) vs. 31±6 g (IG2). 
No difference between CG and IG1.
Mean daily energy intake: 
Close to recommended levels on 
average. Higher intake in the IGs 
than in the CG: 1711±195 (IG1) vs. 
1744±176 (IG2) vs. 1425±136 (CG).
Mean daily protein intake: Below 
recommended levels on all menus. 
Higher intake in the IG2 than in 
the CG: 57±6 (IG2) vs. 47±7 (CG). 
No difference between CG and IG1.
Strengths: 
Design: Part of population 
crossed over. Patients randomly 
allocated. 
Outcome measures: Intake 
analyzed on group basis and 
individual basis. Food weighed 
before and after consumption. 
Limitations: 
Outcome measures: Nutritional 
requirements not taken into 
account.
Beelen
2017
RCT
147
Medical wards
CG: 79.2 ± 7.0
IG: 77.7 ± 7.8
6 months. Both groups 
observed simultaneously
CG: Standard menu
Standard energy- and protein-rich hospital menu for 
patients aged ≥65 years. (n=80)
IG: New menu
Same standard menu, but regular products were 
replaced by intervention products and some 
additional options. (n=67)
Nutritional intake:
Protein intake on day 4 adjusted 
for bodyweight. 
Percentage of reached protein 
requirements (1,2g/kg/d). 
Intake of energy and other 
macronutrients. Patients were 
asked how much of the portion 
was consumed. BW measured on 
SECA scale. 
Nutritional intake:
Protein intake was higher in IG 
(105.7g; 1.51g/kg BW) than CG 
(88.2g; 1.22g/kg BW).  Fulfillment of 
protein requirements was higher in 
IG than CG (79% vs. 48%).
Energy intake was higher in IG 
than CG (31.1 vs. 28.6kcal/kg). No 
difference in intake of carbohydrates 
and fat.
Strengths:
Outcome: Protein requirements 
were taken into account.
Limitations:
Outcome: Energy requirements 
were not taken into account.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Collins
2017
Non-randomized 
non-blinded 
controlled pilot study
122
Geriatric wards
CG: 80 (75-87)
IG: 84 (75-88)
4 months. Both groups 
observed simultaneously
CG: Standard menu 
Paper menu prior to three main meals. Mid-meals 
offered by foodservice staff at bedside. No 
encouragement or visual menu for mid-meals. 
(n=38)
IG: New menu
Could provide up to 3680kJ/day and 24g protein/
day more than standard menu. More options. Less 
energy dense items were removed. Visual menu 
implemented for mid-meals to show all available 
options. Foodservice staff encouraged patients to 
choose an item at mid-meals. (n=30)
Nutritional status: Change in 
weight (calibrated seated scales) 
and handgrip strength (hand 
dynamometer) between day 1 
and 14. 
Energy and protein intake:
Daily energy and protein intake, 
based on all mealtimes, at day 
1 and 14 visually estimated 
using a validated 6-point scale. 
Standard serving sizes were 
known. 
Satisfaction:
Verbal validated questionnaire 
at day 14. Four domains: food 
quality, meal service, staffing 
and service, and physical 
environment. 
Nutritional status:
No difference between groups in 
change in weight or HGS.
Energy and protein intake:
Total daily energy and protein 
intake, at day 14 was significantly 
higher in IG (132kJ/kg/day and 1,4g/
kg/day) than CG (105kJ/kg/day and 
1,1g/kg/day).
Satisfaction:
Higher rating in the domain of 
physical environment in IG.
Strengths:
Outcome measure: Nutritional 
intake was adjusted for weight.
Intake, nutritional status and 
satisfaction were all analyzed.
Limitations:
Patients’ requirements were not 
taken into account.
Dijxhoorn
2017
Pre-post prospective 
cohort
637
Surgical and medical wards
CG: 59 ± 17
IG: 60 ± 16
17 months. CG for 10 
months and IG for 11 
months.
CG: Traditional meal service 
Three meals per day served by nutritional assistants. 
Dinner preference indicated in morning from menu 
list. (n=326)
IG: FoodforCare meal service 
6 meals per day, small protein-rich menu items. 
Special attention paid to meal presentation. Trained 
nutritional assistants recommend protein-rich 
choices and assist in choosing most optimal menu 
item. (n=311)
Energy and protein intake: 
Percentage of met requirements 
and percentage of patients that 
met requirements at day 1 and 
4 of oral intake were calculated. 
Subtracting weight at end of 
meals from weight at serving 
time. Food appreciation: 
Validated questionnaire scored 
various domains regarding food 
appreciation and accessibility.(58) 
The other questionnaire included 
two questions that rated meal 
service and food quality from 1 
to 10. 
Energy and protein intake:
Higher energy intake relative 
to requirements in IG on day 1 
(88%±34% vs. 70%±39%) and 
day 4 (84%±40% vs. 73%±31%). 
Higher % fulfilled energy 
requirements in IG (37% vs. 14%). 
Higher protein intake relative to 
requirements in IG on day 1 (79±33 
vs. 59±28) and day 4 (73 ±38 vs. 
59±29). Higher % fulfilled protein 
requirements in IG on day 1 (24% 
vs. 8%) and on day 4 (23% vs. 8%).
Food appreciation: FfC group more 
satisfied with appearance and smell 
of the meals. Ratings were similar.
Strengths: 
Design: Large population.
Outcome measures: Nutritional 
requirements were calculated. 
Limitations: 
Patients and investigators were 
not blinded due to the nature 
of the intervention. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Collins
2017
Non-randomized 
non-blinded 
controlled pilot study
122
Geriatric wards
CG: 80 (75-87)
IG: 84 (75-88)
4 months. Both groups 
observed simultaneously
CG: Standard menu 
Paper menu prior to three main meals. Mid-meals 
offered by foodservice staff at bedside. No 
encouragement or visual menu for mid-meals. 
(n=38)
IG: New menu
Could provide up to 3680kJ/day and 24g protein/
day more than standard menu. More options. Less 
energy dense items were removed. Visual menu 
implemented for mid-meals to show all available 
options. Foodservice staff encouraged patients to 
choose an item at mid-meals. (n=30)
Nutritional status: Change in 
weight (calibrated seated scales) 
and handgrip strength (hand 
dynamometer) between day 1 
and 14. 
Energy and protein intake:
Daily energy and protein intake, 
based on all mealtimes, at day 
1 and 14 visually estimated 
using a validated 6-point scale. 
Standard serving sizes were 
known. 
Satisfaction:
Verbal validated questionnaire 
at day 14. Four domains: food 
quality, meal service, staffing 
and service, and physical 
environment. 
Nutritional status:
No difference between groups in 
change in weight or HGS.
Energy and protein intake:
Total daily energy and protein 
intake, at day 14 was significantly 
higher in IG (132kJ/kg/day and 1,4g/
kg/day) than CG (105kJ/kg/day and 
1,1g/kg/day).
Satisfaction:
Higher rating in the domain of 
physical environment in IG.
Strengths:
Outcome measure: Nutritional 
intake was adjusted for weight.
Intake, nutritional status and 
satisfaction were all analyzed.
Limitations:
Patients’ requirements were not 
taken into account.
Dijxhoorn
2017
Pre-post prospective 
cohort
637
Surgical and medical wards
CG: 59 ± 17
IG: 60 ± 16
17 months. CG for 10 
months and IG for 11 
months.
CG: Traditional meal service 
Three meals per day served by nutritional assistants. 
Dinner preference indicated in morning from menu 
list. (n=326)
IG: FoodforCare meal service 
6 meals per day, small protein-rich menu items. 
Special attention paid to meal presentation. Trained 
nutritional assistants recommend protein-rich 
choices and assist in choosing most optimal menu 
item. (n=311)
Energy and protein intake: 
Percentage of met requirements 
and percentage of patients that 
met requirements at day 1 and 
4 of oral intake were calculated. 
Subtracting weight at end of 
meals from weight at serving 
time. Food appreciation: 
Validated questionnaire scored 
various domains regarding food 
appreciation and accessibility.(58) 
The other questionnaire included 
two questions that rated meal 
service and food quality from 1 
to 10. 
Energy and protein intake:
Higher energy intake relative 
to requirements in IG on day 1 
(88%±34% vs. 70%±39%) and 
day 4 (84%±40% vs. 73%±31%). 
Higher % fulfilled energy 
requirements in IG (37% vs. 14%). 
Higher protein intake relative to 
requirements in IG on day 1 (79±33 
vs. 59±28) and day 4 (73 ±38 vs. 
59±29). Higher % fulfilled protein 
requirements in IG on day 1 (24% 
vs. 8%) and on day 4 (23% vs. 8%).
Food appreciation: FfC group more 
satisfied with appearance and smell 
of the meals. Ratings were similar.
Strengths: 
Design: Large population.
Outcome measures: Nutritional 
requirements were calculated. 
Limitations: 
Patients and investigators were 
not blinded due to the nature 
of the intervention. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Doorduijn
2015
Pre-post  
prospective cohort 
337
Surgery and general medical 
wards
65 ± 15
8 months. CG for 5 months, 
IG for 3 months.
CG: Traditional meal service: Three meals per day. 
Drinks served between meals. Decided before 10:00 
a.m. what to eat the next day. (n=168)
IG: At Your Request concept: Foods and drinks 
ordered by telephone from a printed menu between 
7 am and 7 pm. Delivered within 45 minutes. 
(n=169)
Patient satisfaction: 
Rating meal service  
(scale 1-10). 
Questionnaire (NR-QoLQ): assess 
the nutrition-related quality of 
life (scale: 27-162).
Nutritional status: Body weight 
and handgrip strength measured 
by nurse on day of admission and 
day before discharge. 
Food intake: Energy intake and 
% of patients reaching protein 
requirements calculated with 
food lists (recorded twice per 
week by nurse) for patients 
requiring an energy and protein 
rich menu.(n=72)
Patient satisfaction: CG: 7.5 vs. 
IG: 8.1.
NR-QoLQ: Increase from 124.5 (CG) 
to 132.9 points (IG). 
Nutritional status: No difference in 
body weight and handgrip change 
between both groups. 
MUST score increased in 4 (CG) 
and 6 (IG) patients, and decreased 
in 18 patients in both groups. 
(Significance unknown)
Food intake: No significant 
differences between both groups.
Strengths: 
Outcome measures: Multiple 
outcome measures used.
Limitations: 
Outcome measures: Food 
intake in the control group 
was not measured, except 
for the subgroup requiring an 
energy- and protein rich diet.
Edwards
2006
Prospective cohort
52 
Post-operative surgical ward
25-68  (SD NS)
4 weeks. Each system 
observed during 2 weeks.
CG: Cook-chill system: Cyclical menu, food ordered 
the day before. Cold bulk food was loaded into 
trolley and transported to ward. Prior to meal, food 
was regenerated, plated and taken to patients’ 
beds. (n=28)
IG: Steamplicity system: Meals ordered 2 h 
prior to meal service, from an extended choice 
menu. Individual, ready-plated chilled meals were 
transported to the ward, held chilled, and heated/
cooked in microwave oven. (n=24)
‘Stakeholders’ satisfaction:
 Semi-structured interviews 
with randomly selected patients 
(n=5), staff members and visitors, 
exploring main issues in patient 
satisfaction and meal experience. 
Patient Acceptability:
Validated questionnaire 
distributed at beginning and end 
of stay. 
Nutritional intake:  In CG, 
plates weighed before and after 
consumption on a digital scale. 
In IG, average portion sizes taken 
from production records. Leftover 
food weighed after lunch 
and dinner.
‘Stakeholders’’ satisfaction:  
Steamplicity was rated higher 
in 5 out of 15 questions of 
the questionnaire, namely in 
the subjects of food texture, 
food presentation, overall meal 
satisfaction knowing the available 
meal options, and sufficiency of 
portion size.
Patient acceptability: Patients 
were positive about the Steamplicity 
system overall, in terms of food 
choice, ordering, delivery and food 
quality. 
Nutritional intake: Lunch: Mean of 
202g for the CG and mean of 282g 
for the IG. (Unknown significance). 
Dinner: Mean of 226g for the CG 
and mean of 310g for the IG. 
(Unknown significance).
Strengths: 
Outcome measures: Satisfaction 
measured using questionnaires 
and interviews. Intake measured 
with digital scale.
Limitations: 
Outcome measures: Food intake 
not measured per patient, only 
whole group. Intake measured 
in gram/day, without details 
of protein and energy intake. 
Requirements not calculated. 
Intake only recorded during 
lunch and dinner.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Doorduijn
2015
Pre-post  
prospective cohort 
337
Surgery and general medical 
wards
65 ± 15
8 months. CG for 5 months, 
IG for 3 months.
CG: Traditional meal service: Three meals per day. 
Drinks served between meals. Decided before 10:00 
a.m. what to eat the next day. (n=168)
IG: At Your Request concept: Foods and drinks 
ordered by telephone from a printed menu between 
7 am and 7 pm. Delivered within 45 minutes. 
(n=169)
Patient satisfaction: 
Rating meal service  
(scale 1-10). 
Questionnaire (NR-QoLQ): assess 
the nutrition-related quality of 
life (scale: 27-162).
Nutritional status: Body weight 
and handgrip strength measured 
by nurse on day of admission and 
day before discharge. 
Food intake: Energy intake and 
% of patients reaching protein 
requirements calculated with 
food lists (recorded twice per 
week by nurse) for patients 
requiring an energy and protein 
rich menu.(n=72)
Patient satisfaction: CG: 7.5 vs. 
IG: 8.1.
NR-QoLQ: Increase from 124.5 (CG) 
to 132.9 points (IG). 
Nutritional status: No difference in 
body weight and handgrip change 
between both groups. 
MUST score increased in 4 (CG) 
and 6 (IG) patients, and decreased 
in 18 patients in both groups. 
(Significance unknown)
Food intake: No significant 
differences between both groups.
Strengths: 
Outcome measures: Multiple 
outcome measures used.
Limitations: 
Outcome measures: Food 
intake in the control group 
was not measured, except 
for the subgroup requiring an 
energy- and protein rich diet.
Edwards
2006
Prospective cohort
52 
Post-operative surgical ward
25-68  (SD NS)
4 weeks. Each system 
observed during 2 weeks.
CG: Cook-chill system: Cyclical menu, food ordered 
the day before. Cold bulk food was loaded into 
trolley and transported to ward. Prior to meal, food 
was regenerated, plated and taken to patients’ 
beds. (n=28)
IG: Steamplicity system: Meals ordered 2 h 
prior to meal service, from an extended choice 
menu. Individual, ready-plated chilled meals were 
transported to the ward, held chilled, and heated/
cooked in microwave oven. (n=24)
‘Stakeholders’ satisfaction:
 Semi-structured interviews 
with randomly selected patients 
(n=5), staff members and visitors, 
exploring main issues in patient 
satisfaction and meal experience. 
Patient Acceptability:
Validated questionnaire 
distributed at beginning and end 
of stay. 
Nutritional intake:  In CG, 
plates weighed before and after 
consumption on a digital scale. 
In IG, average portion sizes taken 
from production records. Leftover 
food weighed after lunch 
and dinner.
‘Stakeholders’’ satisfaction:  
Steamplicity was rated higher 
in 5 out of 15 questions of 
the questionnaire, namely in 
the subjects of food texture, 
food presentation, overall meal 
satisfaction knowing the available 
meal options, and sufficiency of 
portion size.
Patient acceptability: Patients 
were positive about the Steamplicity 
system overall, in terms of food 
choice, ordering, delivery and food 
quality. 
Nutritional intake: Lunch: Mean of 
202g for the CG and mean of 282g 
for the IG. (Unknown significance). 
Dinner: Mean of 226g for the CG 
and mean of 310g for the IG. 
(Unknown significance).
Strengths: 
Outcome measures: Satisfaction 
measured using questionnaires 
and interviews. Intake measured 
with digital scale.
Limitations: 
Outcome measures: Food intake 
not measured per patient, only 
whole group. Intake measured 
in gram/day, without details 
of protein and energy intake. 
Requirements not calculated. 
Intake only recorded during 
lunch and dinner.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Freil
2006
Pre-post prospective 
cohort
969
Gynecological, breast 
surgery and orthopedic 
surgery ward
NS 
42 days. Each system 
observed for 14 days.
CG: Old fixed menu: Breakfast, lunch and dinner 
covered 20-25% of total energy need. Snacks cover 
30%. No possibility for patients to individualize their 
menu (period 1; n=376).
IG1: Individualized system pilot: Meals with 
increased energy density (by adding fat). Choosing 
from a menu-cart offering at least one first course, 
two main courses and two desserts.  
 (period 2; n=328) 
IG2: Individualized system: 2 years after 
implementation (period 3; n=265).
Energy and protein intake: 
Intake calculated by subtracting 
wasted from served evening 
meals. Meals weighed by scale 
before and after consumption.  
Results grouped in four quartiles 
with respect to calculated energy 
and protein intake per patient. 
Patient experience and 
satisfaction about evening 
meals: Questionnaire regarding 
meal appearance, quantity, taste 
and general satisfaction. Either 
a positive or a negative opinion 
about each of these subjects 
could be selected. (n=70).
Energy intake:
1st quartile: Increase from 128kJ 
(95% CI 79 – 178) in the CG, to 
560kJ (489 – 631) in the IG1, to 
1021kJ (939-1104) in the IG2. 
2nd quartile: No change from CG to 
IG1. Increase of 400kJ from IG1 to IG2. 
3rd quartile: Intake approximately 
2000kJ in all groups, no significant 
difference between groups.
4th quartile: Intake of 2400-
2500kJ in all groups, no significant 
difference between groups.
Protein intake:
1st quartile: Increase from 0.7g per 
patient in the CG to 4.1g in IG1 to 
8.1g in IG2. 2nd quartile: Increase 
from 10.3g in IG1 to 20.1g in IG2. 
3rd quartile: 18-25g in all groups, no 
significant change between groups. 
4th quartile: 25-35g, no significant 
change between groups.
Patient experience and satisfaction: 
Patients were fairly positive about 
both systems. Increase in satisfaction 
regarding meal appearance, taste, and 
general satisfaction.
Strengths: 
Population: Large population. 
Design: Patients were divided 
into groups according to energy 
and protein intakes. 
Outcome measures: Served and 
wasted foods were weighed 
individually.
Limitations: 
Outcome measures: Validity of 
questionnaire unclear.
Requirements were not taken 
into account.
Gall
1998
Prospective cohort
143
Medical and orthopedic 
ward and female  
elderly wards.
Male: 60.47 ± 2.36 
Female: 74.0 ± 1.50
3 days. Both groups were 
observed simultaneously.
CG: Standard hospital diet. (n=81)
IG: Intervention group: Standard hospital diet, 
with in addition fortified foods at lunch and  
supper: (n=62). 
Energy and protein deficits 
and intakes:
Protein and energy requirements 
estimated using the Elia and 
Schofield formulae. Energy and 
protein deficit calculated by 
subtracting mean protein and 
energy intakes from estimated 
requirements per patients.
Intake measured by patient, relatives 
and nursing staff using food-intake 
record sheets. Food charts checked 
at least every 48 hours. 
Energy deficit and intakes: CG 
had a higher energy deficit than 
IG: -7kcals/day vs. -341kcals/day. 
Energy intake 17.5% higher in IG 
and increased from 1404 kcals/day 
to 1650 kcals/day.
Protein deficit and intakes: 
Protein intakes and below estimated 
requirements in both groups. Mean 
intake of 51.2g/day (CG), 43.5g/day 
(IG: female orthopedic ward) and 
66.7g/day (IG: male medical ward). 
Strengths: 
Outcome measures: Energy and 
protein intakes were compared 
to the respective requirements. 
Limitations: 
Outcome measures: Food 
intakes were only observed 
over a 3-day period. Oral intake 
might be noted inaccurately if 
done by (ill) patients and  
family/friends. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Freil
2006
Pre-post prospective 
cohort
969
Gynecological, breast 
surgery and orthopedic 
surgery ward
NS 
42 days. Each system 
observed for 14 days.
CG: Old fixed menu: Breakfast, lunch and dinner 
covered 20-25% of total energy need. Snacks cover 
30%. No possibility for patients to individualize their 
menu (period 1; n=376).
IG1: Individualized system pilot: Meals with 
increased energy density (by adding fat). Choosing 
from a menu-cart offering at least one first course, 
two main courses and two desserts.  
 (period 2; n=328) 
IG2: Individualized system: 2 years after 
implementation (period 3; n=265).
Energy and protein intake: 
Intake calculated by subtracting 
wasted from served evening 
meals. Meals weighed by scale 
before and after consumption.  
Results grouped in four quartiles 
with respect to calculated energy 
and protein intake per patient. 
Patient experience and 
satisfaction about evening 
meals: Questionnaire regarding 
meal appearance, quantity, taste 
and general satisfaction. Either 
a positive or a negative opinion 
about each of these subjects 
could be selected. (n=70).
Energy intake:
1st quartile: Increase from 128kJ 
(95% CI 79 – 178) in the CG, to 
560kJ (489 – 631) in the IG1, to 
1021kJ (939-1104) in the IG2. 
2nd quartile: No change from CG to 
IG1. Increase of 400kJ from IG1 to IG2. 
3rd quartile: Intake approximately 
2000kJ in all groups, no significant 
difference between groups.
4th quartile: Intake of 2400-
2500kJ in all groups, no significant 
difference between groups.
Protein intake:
1st quartile: Increase from 0.7g per 
patient in the CG to 4.1g in IG1 to 
8.1g in IG2. 2nd quartile: Increase 
from 10.3g in IG1 to 20.1g in IG2. 
3rd quartile: 18-25g in all groups, no 
significant change between groups. 
4th quartile: 25-35g, no significant 
change between groups.
Patient experience and satisfaction: 
Patients were fairly positive about 
both systems. Increase in satisfaction 
regarding meal appearance, taste, and 
general satisfaction.
Strengths: 
Population: Large population. 
Design: Patients were divided 
into groups according to energy 
and protein intakes. 
Outcome measures: Served and 
wasted foods were weighed 
individually.
Limitations: 
Outcome measures: Validity of 
questionnaire unclear.
Requirements were not taken 
into account.
Gall
1998
Prospective cohort
143
Medical and orthopedic 
ward and female  
elderly wards.
Male: 60.47 ± 2.36 
Female: 74.0 ± 1.50
3 days. Both groups were 
observed simultaneously.
CG: Standard hospital diet. (n=81)
IG: Intervention group: Standard hospital diet, 
with in addition fortified foods at lunch and  
supper: (n=62). 
Energy and protein deficits 
and intakes:
Protein and energy requirements 
estimated using the Elia and 
Schofield formulae. Energy and 
protein deficit calculated by 
subtracting mean protein and 
energy intakes from estimated 
requirements per patients.
Intake measured by patient, relatives 
and nursing staff using food-intake 
record sheets. Food charts checked 
at least every 48 hours. 
Energy deficit and intakes: CG 
had a higher energy deficit than 
IG: -7kcals/day vs. -341kcals/day. 
Energy intake 17.5% higher in IG 
and increased from 1404 kcals/day 
to 1650 kcals/day.
Protein deficit and intakes: 
Protein intakes and below estimated 
requirements in both groups. Mean 
intake of 51.2g/day (CG), 43.5g/day 
(IG: female orthopedic ward) and 
66.7g/day (IG: male medical ward). 
Strengths: 
Outcome measures: Energy and 
protein intakes were compared 
to the respective requirements. 
Limitations: 
Outcome measures: Food 
intakes were only observed 
over a 3-day period. Oral intake 
might be noted inaccurately if 
done by (ill) patients and  
family/friends. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Goeminne
2012
Prospective cohort
189
Department of respiratory 
diseases 
CG: 70 [59-75]
IG: 71 [62-76] 
2 months. Each system 
observed for 1 month.
CG: Standard system: Meals ordered one day 
beforehand. Individually portioned beforehand and 
transported with a heated food cart. (n=83)
IG: Meals on Wheels: Patients were asked at 
mealtime how much and what they wished to eat. 
Portioning at bedside. Food cart with a refrigerator 
and a heating compartment. (n=106) 
Nutritional intake: Weight at 
end of the three meals (breakfast, 
lunch and dinner), was 
subtracted from weight at serving 
time. All data was measured 
and collected by the nutritional 
assistant. Extra snacks included 
in data. 
Food appreciation and 
accessibility: Validated 
questionnaires with 5 domains(58) 
completed at discharge.
Nutritional intake: Increased for 
breakfast, lunch and dinner. Total 
daily intake increased with 236g 
(95%CI: 163-308).
Food appreciation and 
accessibility: Patients preferred 
Meals on Wheels to the current 
system in the subdomains choice, 
sensation of hunger, and  
food quality. 
Strengths: 
Outcome measures: Meals 
weighed before and after 
serving time and snacks 
were included.
Limitations: 
Population: Implementation at 
only one ward, which  
hampers generalizability. 
Outcome measures:   
Protein and energy intake  
not measured. 
Hartwell
2007
Cross-sectional 
cohort
180
Orthopedic wards
Median age range: 60-79 
2 months. 1 month  
each system.
CG: Plated system: Menu selection 24 h before 
diner. Catering staff and domestic workers function 
as foodservice personnel. (n=unknown)
IG: Bulk trolley system: Menu choice at point 
of consumption. Nursing staff was appointed as 
foodservice personnel. Range of menu items is 
limited compared to CG. (n=unknown)
Satisfaction: During mealtimes, 
patients filled in a consumer 
opinion card with a 7-point rating 
scale for five attributes of five 
food items were used. Reliability 
and validity have been evaluated. 
Satisfaction: 
Temperature: Improvement in 
potatoes, poached fish and minced 
beef. 
Flavor: rated higher in broccoli, 
carrots and poached fish. 
Portion size: rated higher in broccoli 
and potato. 
Texture: improvement in all foods: 
broccoli, carrots, potato, poached 
fish and minced beef. 
Overall opinion/satisfaction: 
improved in broccoli, potato and 
poached fish.
Strengths: 
Outcome measures: Different 
components of the meal were 
rated in the opinion card.
Limitations: 
Population: Implementation at 
only one ward, which  
hampers generalizability. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Goeminne
2012
Prospective cohort
189
Department of respiratory 
diseases 
CG: 70 [59-75]
IG: 71 [62-76] 
2 months. Each system 
observed for 1 month.
CG: Standard system: Meals ordered one day 
beforehand. Individually portioned beforehand and 
transported with a heated food cart. (n=83)
IG: Meals on Wheels: Patients were asked at 
mealtime how much and what they wished to eat. 
Portioning at bedside. Food cart with a refrigerator 
and a heating compartment. (n=106) 
Nutritional intake: Weight at 
end of the three meals (breakfast, 
lunch and dinner), was 
subtracted from weight at serving 
time. All data was measured 
and collected by the nutritional 
assistant. Extra snacks included 
in data. 
Food appreciation and 
accessibility: Validated 
questionnaires with 5 domains(58) 
completed at discharge.
Nutritional intake: Increased for 
breakfast, lunch and dinner. Total 
daily intake increased with 236g 
(95%CI: 163-308).
Food appreciation and 
accessibility: Patients preferred 
Meals on Wheels to the current 
system in the subdomains choice, 
sensation of hunger, and  
food quality. 
Strengths: 
Outcome measures: Meals 
weighed before and after 
serving time and snacks 
were included.
Limitations: 
Population: Implementation at 
only one ward, which  
hampers generalizability. 
Outcome measures:   
Protein and energy intake  
not measured. 
Hartwell
2007
Cross-sectional 
cohort
180
Orthopedic wards
Median age range: 60-79 
2 months. 1 month  
each system.
CG: Plated system: Menu selection 24 h before 
diner. Catering staff and domestic workers function 
as foodservice personnel. (n=unknown)
IG: Bulk trolley system: Menu choice at point 
of consumption. Nursing staff was appointed as 
foodservice personnel. Range of menu items is 
limited compared to CG. (n=unknown)
Satisfaction: During mealtimes, 
patients filled in a consumer 
opinion card with a 7-point rating 
scale for five attributes of five 
food items were used. Reliability 
and validity have been evaluated. 
Satisfaction: 
Temperature: Improvement in 
potatoes, poached fish and minced 
beef. 
Flavor: rated higher in broccoli, 
carrots and poached fish. 
Portion size: rated higher in broccoli 
and potato. 
Texture: improvement in all foods: 
broccoli, carrots, potato, poached 
fish and minced beef. 
Overall opinion/satisfaction: 
improved in broccoli, potato and 
poached fish.
Strengths: 
Outcome measures: Different 
components of the meal were 
rated in the opinion card.
Limitations: 
Population: Implementation at 
only one ward, which  
hampers generalizability. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Hickson
2004
RCT
592
Three acute medicine wards 
for the elderly
CG: 82 [76-86]
IG: 82 [77-87]
Unknown.
CG: Usual care group: Standard ward care. 
(n=300)
IG: Feeding support group: Standard ward care 
plus nutritional care from a healthcare assistant, 
including identifying and reducing malnutrition, 
encouraging and enabling patients in feeding, and 
offering snacks and drinks. (n=292)
Bodyweight: using electronic 
seat scales. Mid-arm muscle 
circumference: Calculated using 
a formula and measuring arm 
of patient. Barthel score: Score 
for assessing a person’s ability 
to perform activities of daily 
living. Handgrip strength: with 
dynamometer. Food intake: 
weighing meals beforehand and 
using food records for breakfast, 
snacks and drinks. Infection 
rate: Estimated by number of 
antibiotics prescribed. 
Length of stay: Until medically 
fit for discharge and until  
actual discharge.
Mortality in hospital
No differences in any results 
except for number of intravenous 
antibiotics prescribed for infections: 
6 days in CG and 4 days in IG 
(p=0.02). 
 
Strengths: 
Outcome measures: Lots 
of patient-related outcome 
measures were used. 
Limitations: 
Population: Only older patients 
included. 
Outcome measures: Number 
of IV antibiotics is not an ideal 
reflection of infection rate. Food 
intake measured in only 6% of 
the study population. Part of 
intake estimated, based on food 
record book.
Hickson
2007
Prospective cohort
57
Medical and surgical wards. 
75 [55. 8-83.5) 
 1 month for the IG. CG data 
collected from other study  
(Wilson et al, 2000; study 
period unknown)
CG: Traditional bulk cook-chill system. Performed 
previously (Wilson et al, 2000). Printed menus were 
filled in at wards (not mentioned which day). Meals 
were transported to wards and regenerated in bulk. 
Food plated from a trolley at wards. (n=57)
IG: Steamplicity system. Patients ordered meals 
2 h prior to meal service, from an extended choice 
menu. Individual, ready-plated chilled meals were 
transported to the ward, held chilled and heated/
cooked using a microwave oven. (n=57)
Food intake:  Weight of food 
served at lunch determined by 
weighing three samples of every 
meal and calculating average. 
Plate waste weighed after each 
meal to calculate overall food 
intake, protein and energy intake. 
Food intake: More food was 
consumed in the CG compared to 
the IG (467 vs. 358g). Energy intake 
higher in CG than in IG (2074 vs. 
1779 kJ). Protein intake did not 
differ between groups.
Strengths: 
Population: The study 
population is diverse, making 
the study more generalizable 
and increasing external validity. 
Limitations: 
Design: 7 years between IG and 
CG period (Wilson et al, 2000): 
hospital environment could 
have changed.
Population: Small population, 
heterogeneity. 
Outcome measures: Energy 
deficit not calculated in CG.  
Served meals not weighed 
individually. Intake only 
measured during lunch.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Hickson
2004
RCT
592
Three acute medicine wards 
for the elderly
CG: 82 [76-86]
IG: 82 [77-87]
Unknown.
CG: Usual care group: Standard ward care. 
(n=300)
IG: Feeding support group: Standard ward care 
plus nutritional care from a healthcare assistant, 
including identifying and reducing malnutrition, 
encouraging and enabling patients in feeding, and 
offering snacks and drinks. (n=292)
Bodyweight: using electronic 
seat scales. Mid-arm muscle 
circumference: Calculated using 
a formula and measuring arm 
of patient. Barthel score: Score 
for assessing a person’s ability 
to perform activities of daily 
living. Handgrip strength: with 
dynamometer. Food intake: 
weighing meals beforehand and 
using food records for breakfast, 
snacks and drinks. Infection 
rate: Estimated by number of 
antibiotics prescribed. 
Length of stay: Until medically 
fit for discharge and until  
actual discharge.
Mortality in hospital
No differences in any results 
except for number of intravenous 
antibiotics prescribed for infections: 
6 days in CG and 4 days in IG 
(p=0.02). 
 
Strengths: 
Outcome measures: Lots 
of patient-related outcome 
measures were used. 
Limitations: 
Population: Only older patients 
included. 
Outcome measures: Number 
of IV antibiotics is not an ideal 
reflection of infection rate. Food 
intake measured in only 6% of 
the study population. Part of 
intake estimated, based on food 
record book.
Hickson
2007
Prospective cohort
57
Medical and surgical wards. 
75 [55. 8-83.5) 
 1 month for the IG. CG data 
collected from other study  
(Wilson et al, 2000; study 
period unknown)
CG: Traditional bulk cook-chill system. Performed 
previously (Wilson et al, 2000). Printed menus were 
filled in at wards (not mentioned which day). Meals 
were transported to wards and regenerated in bulk. 
Food plated from a trolley at wards. (n=57)
IG: Steamplicity system. Patients ordered meals 
2 h prior to meal service, from an extended choice 
menu. Individual, ready-plated chilled meals were 
transported to the ward, held chilled and heated/
cooked using a microwave oven. (n=57)
Food intake:  Weight of food 
served at lunch determined by 
weighing three samples of every 
meal and calculating average. 
Plate waste weighed after each 
meal to calculate overall food 
intake, protein and energy intake. 
Food intake: More food was 
consumed in the CG compared to 
the IG (467 vs. 358g). Energy intake 
higher in CG than in IG (2074 vs. 
1779 kJ). Protein intake did not 
differ between groups.
Strengths: 
Population: The study 
population is diverse, making 
the study more generalizable 
and increasing external validity. 
Limitations: 
Design: 7 years between IG and 
CG period (Wilson et al, 2000): 
hospital environment could 
have changed.
Population: Small population, 
heterogeneity. 
Outcome measures: Energy 
deficit not calculated in CG.  
Served meals not weighed 
individually. Intake only 
measured during lunch.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Hickson
2011
Prospective cohort
490
Patients at high risk of 
malnutrition.
CG: 40 wards
IG: 34 wards
Age: NS 
Study period of 4 months. 
Each system 2 months.
CG: Standard system: A ready plated and sealed 
catering system. (n=39)
IG: Protected mealtimes: During mealtime, all non-
urgent clinical activity was stopped on the ward. 
(n=66)
Nutritional intake: Way of 
measuring described in  
‘’Hickson 2007’’. 
Nutritional intake: No difference 
in energy intake between groups. 
Median protein intake higher in 
the CG (14.0g [4-26] vs. 7.5g  
[1-28]; p=0.04).
Strengths: 
Population:  Large study 
population and many  
different wards.
Limitations: 
Outcome measures: Nutrient 
intake was only measured 
during lunch. 
Holst
2017
Pre-post Prospective 
cohort
67
Patients at risk of 
malnutrition. Medical and 
surgical wards.
CG: 62.9 ± 15.1
IG: 67.2 ± 17.9
Study period of 6 weeks. 3 
weeks per group.
CG: Standard system:
Energy- and protein-dense foods, including 
supplements. Three main meals and three in-
between meals. (n=30)
IG: New environment:
Environmental aesthetics improved with painted 
walls, decoration and music added to dining room. 
Welcome-tray with special serving and written 
materials about nutrition upon admission. Welcome 
interview by nurse, to identify specific individual 
preferences and challenges. (n=37)
Nutritional intake:
Energy and protein intake was 
noted by nursing staff or by 
the patients in food records. No 
information about weighing or 
estimation mentioned. Noting 
of mid-meals and snacks not 
mentioned. Fulfillment of >75% 
of requirements was  
also analyzed. 
Nutritional intake:
No difference in energy and protein 
intake between CG and IG. 
>75% fulfillment of energy 
requirements was higher in IG 
than CG (67.6% vs. 40.0%). No 
difference in fulfillment of 
protein requirements. 
Strengths:
Outcome measure: 
Requirements of energy and 
protein taken into account.
Limitations:
Design: Short study period.
Outcome measure: 
No information on way of 
measuring food intake.
Huang
2015
Prospective cohort 
(pilot) (patient is own 
control)
8
Two aged care wards, 
identified as “at-risk” or 
malnourished.
83 ± 4.5 
4 days for each patient; 
2 days with and 2 days 
without volunteer assistance.
CG: No volunteer assistance: Standard hospital 
care without volunteer feeding assistance.
IG: Volunteer assistance: Trained volunteers 
assisted, at lunch on week days, with feeding, 
correctly positioning meal trays, cutting up 
foods, handling cutlery, opening packaging, and 
encouraging patients with conversation and 
socialization. Staff was educated on serving meals 
and helping patients with eating. 
Menus and toppings were improved to give more 
refined impression. 
Lunchtime and daily energy 
and macronutrient intakes: 
Meal trays sighted before and 
after meal. Percentage of meal 
consumed estimated through 
observation and recorded.
Daily energy and protein 
intakes, compared to 
estimated daily requirements: 
Dietary requirements calculated 
using Schofield equation. 
Lunchtime and daily energy 
and macronutrient intakes: No 
difference.  
Daily energy and protein intakes, 
compared to estimated daily 
requirements: No differences in 
amount of patients meeting energy 
and protein requirements. 
Strengths: 
Design: Patients are their own 
controls. 
Outcome measures: 
Requirements taken into 
account.
Limitations: 
Population: Very small study 
population.
Design: Volunteer assistance 
only during lunch on weekdays. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Hickson
2011
Prospective cohort
490
Patients at high risk of 
malnutrition.
CG: 40 wards
IG: 34 wards
Age: NS 
Study period of 4 months. 
Each system 2 months.
CG: Standard system: A ready plated and sealed 
catering system. (n=39)
IG: Protected mealtimes: During mealtime, all non-
urgent clinical activity was stopped on the ward. 
(n=66)
Nutritional intake: Way of 
measuring described in  
‘’Hickson 2007’’. 
Nutritional intake: No difference 
in energy intake between groups. 
Median protein intake higher in 
the CG (14.0g [4-26] vs. 7.5g  
[1-28]; p=0.04).
Strengths: 
Population:  Large study 
population and many  
different wards.
Limitations: 
Outcome measures: Nutrient 
intake was only measured 
during lunch. 
Holst
2017
Pre-post Prospective 
cohort
67
Patients at risk of 
malnutrition. Medical and 
surgical wards.
CG: 62.9 ± 15.1
IG: 67.2 ± 17.9
Study period of 6 weeks. 3 
weeks per group.
CG: Standard system:
Energy- and protein-dense foods, including 
supplements. Three main meals and three in-
between meals. (n=30)
IG: New environment:
Environmental aesthetics improved with painted 
walls, decoration and music added to dining room. 
Welcome-tray with special serving and written 
materials about nutrition upon admission. Welcome 
interview by nurse, to identify specific individual 
preferences and challenges. (n=37)
Nutritional intake:
Energy and protein intake was 
noted by nursing staff or by 
the patients in food records. No 
information about weighing or 
estimation mentioned. Noting 
of mid-meals and snacks not 
mentioned. Fulfillment of >75% 
of requirements was  
also analyzed. 
Nutritional intake:
No difference in energy and protein 
intake between CG and IG. 
>75% fulfillment of energy 
requirements was higher in IG 
than CG (67.6% vs. 40.0%). No 
difference in fulfillment of 
protein requirements. 
Strengths:
Outcome measure: 
Requirements of energy and 
protein taken into account.
Limitations:
Design: Short study period.
Outcome measure: 
No information on way of 
measuring food intake.
Huang
2015
Prospective cohort 
(pilot) (patient is own 
control)
8
Two aged care wards, 
identified as “at-risk” or 
malnourished.
83 ± 4.5 
4 days for each patient; 
2 days with and 2 days 
without volunteer assistance.
CG: No volunteer assistance: Standard hospital 
care without volunteer feeding assistance.
IG: Volunteer assistance: Trained volunteers 
assisted, at lunch on week days, with feeding, 
correctly positioning meal trays, cutting up 
foods, handling cutlery, opening packaging, and 
encouraging patients with conversation and 
socialization. Staff was educated on serving meals 
and helping patients with eating. 
Menus and toppings were improved to give more 
refined impression. 
Lunchtime and daily energy 
and macronutrient intakes: 
Meal trays sighted before and 
after meal. Percentage of meal 
consumed estimated through 
observation and recorded.
Daily energy and protein 
intakes, compared to 
estimated daily requirements: 
Dietary requirements calculated 
using Schofield equation. 
Lunchtime and daily energy 
and macronutrient intakes: No 
difference.  
Daily energy and protein intakes, 
compared to estimated daily 
requirements: No differences in 
amount of patients meeting energy 
and protein requirements. 
Strengths: 
Design: Patients are their own 
controls. 
Outcome measures: 
Requirements taken into 
account.
Limitations: 
Population: Very small study 
population.
Design: Volunteer assistance 
only during lunch on weekdays. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Huxtable
2013
Prospective cohort
1012
(1632 mealtime 
observations)
Adults on medical and 
surgical wards.
CG: 65±18
IG: 66±18 
2 years. Each system during 
1 year.
CG: Standard system: Standard care before 
implementation of the PMP. (799 observations)
IG: Protected mealtimes program: Volunteers, 
staff and visitors assisted with meals during 
protected mealtimes. Posters on wards displayed 
times reserved for protected mealtimes, priority 
was requested for meal trolleys, and tray tables 
were kept clear and within patients’ reach. (833 
observations)
Nutritional intake: Data 
collection sheet used by 
the observing dieticians to note 
intake data at all three main 
meals. Intake estimated visually 
(validated) and proportion 
consumed noted as <¼, ¼ - ½, 
½ - ¾, > ¾.
Nutritional intake: No difference in 
intake between groups. Proportion 
of inpatients consuming >50% 
of nutrient-dense items did not 
differ and they were more likely to 
consume >50% if items were placed 
in reach.
Strengths:  
Population: Large study 
population. 
Outcome measures: Only staff 
filled in data collection sheets. 
All main meals of the day 
included.
Limitations: 
Outcome measures: 
Requirements not taken into 
account.
Lambert
1999
Prospective cohort
395
Patients from 19 acute-care 
hospitals from medical/
surgical departments
≥ 50
Study period unknown
A: Traditional foodservice distribution: employee 
delivers meals directly to patients. (n=92)
B: Traditional nursing service distribution: Nurse 
delivers meals directly to patients. (n=131)
C: Non-traditional foodservice distribution: 
Specifically trained foodservice employee performs 
a wait-type service by delivering meals directly to 
patients. (n=109)
D: Non-traditional nursing meal distribution: 
Hospital employee, cross-trained to provide a full 
range of patient-care services, delivers meals to 
patients. (n=63)
Patient satisfaction: 
Questionnaire (Gregoire 1994) 
rated level of agreement with 
16 statements about quality of 
service for meal tray delivery and 
food quality on a scale of 1-5. 
Patient satisfaction: No differences 
in rating. Group A rated food quality 
higher than group B (3.7±0.6 vs. 
3.5±0.7; p≤0.05). Groups C and D 
rated food quality not differently 
compared to the other groups. 
Strengths: 
Design: Four types of 
intervention were compared in 
one study.
Population: Large study 
population and different wards. 
Limitations: 
Year: The study is from a long 
time ago, which makes it hard 
to generalize. 
Larsen 
2007
Prospective cohort
113
Cardiology department 
CG: 75 ± 16
IG1: 73 ± 13
IG2: 71 ± 16 
10 weeks. 3 weeks (CG), 3 
weeks (IG1) and 3 months 
later: 4 weeks (IG2).
CG: Fixed menu. Meals produced in central 
kitchen. Dispatched to departments at fixed hours. 
Standard servings consisted of three meals, planned 
14 days before production. (n=48)
IG: À la carte/Free menu. Colored printed menu 
(almost 100 items) distributed among patients. 
Ordered by telephone, up to 24 h in advance, 
whenever they liked. Immediate served within  
45 min. 
Food intake: Patients registered 
their own intake on a pre-
designed paper form, noting time 
of day, description and amount 
of foods and drinks served, 
consumed and left over, including 
items from hospital shop or 
visitors. 
Energy intake:
Patients in IG2 had higher intake in 
CG than IG2: 6.6 vs. 7.9 MJ/d; 1576 
vs. 1887 kcal. Insignificant result, 
after adjustment for bodyweight.
86% of estimated requirement in 
CG, 89% in IG1, and 101% in IG2.
Fulfillment of carbohydrate and 
fat requirements:
Relative carbohydrate intake was 
lower and fat intake higher in CG 
(32% and 52%) compared to both 
IG1 (43% and 41%) and IG2 (42% 
and 41%).
Strengths: 
Outcome measures: Items 
from hospital shop or visitors 
included. Energy intake relative 
to requirements measured.
Limitations: 
Outcome measures: Patients 
noted intake by themselves, 
which reduces accuracy of 
registration. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Huxtable
2013
Prospective cohort
1012
(1632 mealtime 
observations)
Adults on medical and 
surgical wards.
CG: 65±18
IG: 66±18 
2 years. Each system during 
1 year.
CG: Standard system: Standard care before 
implementation of the PMP. (799 observations)
IG: Protected mealtimes program: Volunteers, 
staff and visitors assisted with meals during 
protected mealtimes. Posters on wards displayed 
times reserved for protected mealtimes, priority 
was requested for meal trolleys, and tray tables 
were kept clear and within patients’ reach. (833 
observations)
Nutritional intake: Data 
collection sheet used by 
the observing dieticians to note 
intake data at all three main 
meals. Intake estimated visually 
(validated) and proportion 
consumed noted as <¼, ¼ - ½, 
½ - ¾, > ¾.
Nutritional intake: No difference in 
intake between groups. Proportion 
of inpatients consuming >50% 
of nutrient-dense items did not 
differ and they were more likely to 
consume >50% if items were placed 
in reach.
Strengths:  
Population: Large study 
population. 
Outcome measures: Only staff 
filled in data collection sheets. 
All main meals of the day 
included.
Limitations: 
Outcome measures: 
Requirements not taken into 
account.
Lambert
1999
Prospective cohort
395
Patients from 19 acute-care 
hospitals from medical/
surgical departments
≥ 50
Study period unknown
A: Traditional foodservice distribution: employee 
delivers meals directly to patients. (n=92)
B: Traditional nursing service distribution: Nurse 
delivers meals directly to patients. (n=131)
C: Non-traditional foodservice distribution: 
Specifically trained foodservice employee performs 
a wait-type service by delivering meals directly to 
patients. (n=109)
D: Non-traditional nursing meal distribution: 
Hospital employee, cross-trained to provide a full 
range of patient-care services, delivers meals to 
patients. (n=63)
Patient satisfaction: 
Questionnaire (Gregoire 1994) 
rated level of agreement with 
16 statements about quality of 
service for meal tray delivery and 
food quality on a scale of 1-5. 
Patient satisfaction: No differences 
in rating. Group A rated food quality 
higher than group B (3.7±0.6 vs. 
3.5±0.7; p≤0.05). Groups C and D 
rated food quality not differently 
compared to the other groups. 
Strengths: 
Design: Four types of 
intervention were compared in 
one study.
Population: Large study 
population and different wards. 
Limitations: 
Year: The study is from a long 
time ago, which makes it hard 
to generalize. 
Larsen 
2007
Prospective cohort
113
Cardiology department 
CG: 75 ± 16
IG1: 73 ± 13
IG2: 71 ± 16 
10 weeks. 3 weeks (CG), 3 
weeks (IG1) and 3 months 
later: 4 weeks (IG2).
CG: Fixed menu. Meals produced in central 
kitchen. Dispatched to departments at fixed hours. 
Standard servings consisted of three meals, planned 
14 days before production. (n=48)
IG: À la carte/Free menu. Colored printed menu 
(almost 100 items) distributed among patients. 
Ordered by telephone, up to 24 h in advance, 
whenever they liked. Immediate served within  
45 min. 
Food intake: Patients registered 
their own intake on a pre-
designed paper form, noting time 
of day, description and amount 
of foods and drinks served, 
consumed and left over, including 
items from hospital shop or 
visitors. 
Energy intake:
Patients in IG2 had higher intake in 
CG than IG2: 6.6 vs. 7.9 MJ/d; 1576 
vs. 1887 kcal. Insignificant result, 
after adjustment for bodyweight.
86% of estimated requirement in 
CG, 89% in IG1, and 101% in IG2.
Fulfillment of carbohydrate and 
fat requirements:
Relative carbohydrate intake was 
lower and fat intake higher in CG 
(32% and 52%) compared to both 
IG1 (43% and 41%) and IG2 (42% 
and 41%).
Strengths: 
Outcome measures: Items 
from hospital shop or visitors 
included. Energy intake relative 
to requirements measured.
Limitations: 
Outcome measures: Patients 
noted intake by themselves, 
which reduces accuracy of 
registration. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Lindman
2013
Prospective cohort 
86
Department of hematology
CG: 49(21-71)
IG: 62(23-81) 
6 days: 3 days in each 
group.
CG: Standard system: Assistants worked in ward 
kitchens, in charge of stock management and orders 
to central kitchen. (n=41)
IG: Food caregivers: Kitchen assistants were 
trained as food caregivers, and served snacks, 
guided patients and relatives during mealtime and 
motivated patients to eat. (n=45)
Nutritional intake: Food 
weighed separately before 
serving. Leftovers registered. 
Intake recorded by nurses. Daily 
intake and fulfilled requirements 
calculated as average of 
three-day assessment. 
Types of discomfort and side 
effects that affected dietary 
intake noted by nurses, taken 
into account in data analysis. 
Nutritional intake:  
Energy requirements fulfilled in 
76.2% (CI 95% 64.6-87.9) vs. 
93.3%. (CI 95% 82.3-104.3) in 
the CG and IG respectively.
Protein requirements fulfilled in 
64.3%  (CI 95% 53.7-75.0) vs. 
69.1%  (CI 95% 59.6-78.5) in 
the CG and IG respectively.
No difference in number of patients 
fulfilling requirements with ≥75%. 
Strengths:
Outcome measures: Food 
weighed before and after 
mealtime. Requirements 
measured. Discomfort and side 
effects affecting intake included 
in analysis.
Limitations:
Design: Only one ward 
observed. Short  
observation period.
Outcome measures: Tool 
assessing discomfort and side 
effects not validated. 
Lörefalt 
2005
Prospective cohort 
(patient is own 
control)
10
Geriatric rehabilitation ward
81.7 ± 3.2
6 days: Each menu 3 days.
CG: Standard hospital menu: Energy contents for 
portions were standardized as 2150kcal/day. Menus 
pre-defined by hospital kitchen, but patients could 
choose quantity of foods.
IG: Energy and protein-enriched menu: Quantity 
of lunch and supper half of standard hospital 
portion. Density of energy and nutrients increased 
corresponding to whole portion of standard menu. 
Nutritional intake: First author 
and nurse visually estimated food 
intake and noted in household 
measures (cups, pieces, etc.) in 
food record book (Becker 1998). 
Energy requirements were 
determined by calculating basal 
metabolic rate. (Sandstrom 1996) 
Nutritional intake: 
Mean daily energy intake was 1864 
kcal/day±513 (CG) vs.2564±490 
(IG). 
Lunch energy intake was 562 ± 133 
(CG) vs. 794 ± 171 (IG) and supper 
intake 391 ± 132 (CG) vs. 822 ± 
196(IG) kcal/day. 
Mean protein intake was higher in 
IG than CG: 72g vs. 88g
Strengths:
Design: Patients were their own 
controls.
Outcome measures: 
Requirements measured.
Limitations:
Population: Small population. 
Design: Short period. 
Outcome measures: 
Requirements not taken into 
account measured.
Manning
2012
Prospective cohort 
(patient is own 
control)
23
Aged care wards
83.2 ± 8.9 
20 days. Each system 10 
days.
CG: Standard system. No volunteer assistance. 
(n=23)
IG: Volunteer feeding assistance. Volunteers 
assisted at lunchtime on weekdays and were 
trained to feed patients and encourage them to eat 
the products with high energy and protein density 
first. (n=23)
Lunchtime energy and protein 
intakes: standard average weight 
for serving sizes was used.  
Leftover food weighed after each 
meal. In-between snacks noted 
through visual estimates  
and questioning.
Meeting daily energy and 
protein requirements: 
Estimated requirements 
calculated using  
Schofield equation.
Lunchtime protein and energy 
intakes: More protein and energy 
intake in IG vs. CG: 1730 vs. 1334 
kcal and 21.8 vs. 17.5 g. Mean daily 
protein intake of 43.0 (IG) vs. 51.7 g 
(CG). No difference in energy intake.
Meeting daily nutritional 
requirements: More people met daily 
energy requirements in IG than CG: 
59% (CG) compared to 71% IG).
There was a trend of more people 
meeting daily energy requirements 
(NS): 58% (CG) vs. 64% (IG).
Strengths:
Design: Patients were their  
own controls.
Outcome measures: 
Requirements measured. 
Limitations:
Population: Small population. 
Design: Volunteers only  
at lunchtime.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Lindman
2013
Prospective cohort 
86
Department of hematology
CG: 49(21-71)
IG: 62(23-81) 
6 days: 3 days in each 
group.
CG: Standard system: Assistants worked in ward 
kitchens, in charge of stock management and orders 
to central kitchen. (n=41)
IG: Food caregivers: Kitchen assistants were 
trained as food caregivers, and served snacks, 
guided patients and relatives during mealtime and 
motivated patients to eat. (n=45)
Nutritional intake: Food 
weighed separately before 
serving. Leftovers registered. 
Intake recorded by nurses. Daily 
intake and fulfilled requirements 
calculated as average of 
three-day assessment. 
Types of discomfort and side 
effects that affected dietary 
intake noted by nurses, taken 
into account in data analysis. 
Nutritional intake:  
Energy requirements fulfilled in 
76.2% (CI 95% 64.6-87.9) vs. 
93.3%. (CI 95% 82.3-104.3) in 
the CG and IG respectively.
Protein requirements fulfilled in 
64.3%  (CI 95% 53.7-75.0) vs. 
69.1%  (CI 95% 59.6-78.5) in 
the CG and IG respectively.
No difference in number of patients 
fulfilling requirements with ≥75%. 
Strengths:
Outcome measures: Food 
weighed before and after 
mealtime. Requirements 
measured. Discomfort and side 
effects affecting intake included 
in analysis.
Limitations:
Design: Only one ward 
observed. Short  
observation period.
Outcome measures: Tool 
assessing discomfort and side 
effects not validated. 
Lörefalt 
2005
Prospective cohort 
(patient is own 
control)
10
Geriatric rehabilitation ward
81.7 ± 3.2
6 days: Each menu 3 days.
CG: Standard hospital menu: Energy contents for 
portions were standardized as 2150kcal/day. Menus 
pre-defined by hospital kitchen, but patients could 
choose quantity of foods.
IG: Energy and protein-enriched menu: Quantity 
of lunch and supper half of standard hospital 
portion. Density of energy and nutrients increased 
corresponding to whole portion of standard menu. 
Nutritional intake: First author 
and nurse visually estimated food 
intake and noted in household 
measures (cups, pieces, etc.) in 
food record book (Becker 1998). 
Energy requirements were 
determined by calculating basal 
metabolic rate. (Sandstrom 1996) 
Nutritional intake: 
Mean daily energy intake was 1864 
kcal/day±513 (CG) vs.2564±490 
(IG). 
Lunch energy intake was 562 ± 133 
(CG) vs. 794 ± 171 (IG) and supper 
intake 391 ± 132 (CG) vs. 822 ± 
196(IG) kcal/day. 
Mean protein intake was higher in 
IG than CG: 72g vs. 88g
Strengths:
Design: Patients were their own 
controls.
Outcome measures: 
Requirements measured.
Limitations:
Population: Small population. 
Design: Short period. 
Outcome measures: 
Requirements not taken into 
account measured.
Manning
2012
Prospective cohort 
(patient is own 
control)
23
Aged care wards
83.2 ± 8.9 
20 days. Each system 10 
days.
CG: Standard system. No volunteer assistance. 
(n=23)
IG: Volunteer feeding assistance. Volunteers 
assisted at lunchtime on weekdays and were 
trained to feed patients and encourage them to eat 
the products with high energy and protein density 
first. (n=23)
Lunchtime energy and protein 
intakes: standard average weight 
for serving sizes was used.  
Leftover food weighed after each 
meal. In-between snacks noted 
through visual estimates  
and questioning.
Meeting daily energy and 
protein requirements: 
Estimated requirements 
calculated using  
Schofield equation.
Lunchtime protein and energy 
intakes: More protein and energy 
intake in IG vs. CG: 1730 vs. 1334 
kcal and 21.8 vs. 17.5 g. Mean daily 
protein intake of 43.0 (IG) vs. 51.7 g 
(CG). No difference in energy intake.
Meeting daily nutritional 
requirements: More people met daily 
energy requirements in IG than CG: 
59% (CG) compared to 71% IG).
There was a trend of more people 
meeting daily energy requirements 
(NS): 58% (CG) vs. 64% (IG).
Strengths:
Design: Patients were their  
own controls.
Outcome measures: 
Requirements measured. 
Limitations:
Population: Small population. 
Design: Volunteers only  
at lunchtime.
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First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Markovski
2017
Prospective 
observational 
pilot study
34
Geriatric rehabilitation 
wards
79.1 ± 11.8
Study period of 3 months. 
Participants crossed over.
CG: Bedside. Meals consumption at bedside. 
IG: Dining room. On three days of the week, 
patients were encouraged to attend a dining room, 
supervised by 1-2 staff members.
Nutritional intake: Proportion 
consumed at midday meals 
determined through 5-point 
consumption scale: 0, ¼, ½, ¾, 
1. Energy and protein intake 
were calculated using nutrient 
analysis of the food. 
Sub analysis for patients with 
malnutrition (MST>2), cognitive 
impairment (MMSE) and  
low appetite.
Nutritional intake: Energy and 
protein intake higher in IG than CG 
(2158.3 vs. 1723kJ and 28.2 vs. 
22.5g).
MST>2: intake higher in IG than CG 
(2295.0 vs. 1331.0kJ and 27.3 vs. 
19.9g)
MMSE≤25: intake higher in IG than 
CG (2136.6 vs. 1479.4kJ and  
27.2 vs. 19.0g), 
Low appetite:  protein intake higher 
in IG than CG (24.0 vs. 16.6g). 
Strengths:
Design: Participants were their 
own controls.
Outcome measure: Intake 
measured in different groups of 
patients using sub analyses.
Limitations:
Design: Small population.
Outcome measures: Leftovers 
not weighed.
Only midday meals measured. 
Requirements not taken into 
account.
McCray
2017
Retrospective cohort
148
General medical, surgical 
and oncology wards
CG: 62.9 ± 19.5
IG: 66.3 ± 15.1
Study period of 3 years (9 
months of observation)
CG: Traditional foodservice model. 
Order meals with paper menu, up to 24h before 
meal. Meals are delivered at set times.
(n=85)
IG: Room service.
Meals ordered by a la carte style, by phoning 
anytime between 6:30am and 7:00pm. Meals are 
prepared on demand and delivered within 45min.
(n=63)
Nutritional intake:
Intake of all meals and snacks 
estimated by nutrition and 
dietetics students with a 5-point 
visual scale: 0, ¼, ½, ¾, 1. 
Bodyweight used to estimate 
energy and protein requirements. 
Satisfaction:
Analyzed using survey data 
results from the organization’s 
routine “Press Ganey” survey. 
Seven food domains regarding 
food quality and foodservice.
Nutritional intake:
Energy and protein intake was 
higher in IG than CG (1.588 vs. 
1.306kcal/d and 65.9 vs. 52.3g/d). 
The percentage of estimated energy 
and protein requirements was also 
higher in IG (75.1% vs. 63.0% and 
84.7% vs. 65.0%).
Satisfaction:
Improvements in all domains  
were seen. 
Strengths:
Outcome measures: 
Requirements taken into 
account. Both intake and 
satisfaction were tested.
Limitations:
Outcome measures:
Intake measurement  
not validated.
Munk
2014
Single-blinded RCT
84
Departments of oncology, 
orthopedics and urology.
CG: 74
IG: 75 
Each group 18 weeks. 
CG: Standard hospital menu. Three main 
meals (served from a buffet) provided 50-75% of 
nutritional requirements. Three in-between meals, 
served by nursing staff or buffet-staff.
IG: Protein-supplemented foodservice. 
Supplemental to CG. À la carte menu of small menu 
items enriched with energy-dense ingredients, 
supplemented with protein powder. Patients, ward 
staff or research assistants could order by telephone 
and menu items arriving within 20 min of ordering. 
Nursing staff assisted patients if needed. 
Number of patients fulfilling 
≥75% of energy and protein 
requirements: Requirements 
calculated using basic metabolic rate 
and estimated activity factor. Protein 
requirements set at 18% of  
energy requirement. 
Mean energy and protein intake: 
Mean intake over 3 - 7 days, 
according to body weight. Visually 
assessed and recorded in quartiles by 
nursing staff or patients (validated). 
Handgrip strength: Measured in 
right hand using dynamometer.
Length of hospital stay
Number of patients fulfilling 
≥75% of energy and protein 
requirements: No difference in 
fulfilling energy requirements. 
More patients in IG met protein 
requirements: 30% vs. 66%. 
Mean energy and protein intake: 
Higher energy intake in IG than 
CG (+693 kJ). Mean protein intake 
higher in IG (+9.6 g/day), also in 
relation to BW (+0.2 g/kg).  
Handgrip strength, length of 
hospital stay: No differences.
Strengths:
Population: Diverse patient 
group.
Design: Patients randomly 
allocated.
Outcome measures: 
Requirements taken into 
account. Nutritional status also 
measured.
Limitations:
Outcome measures: Intake 
noted in quartiles instead of 
exact amount consumed.
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First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Markovski
2017
Prospective 
observational 
pilot study
34
Geriatric rehabilitation 
wards
79.1 ± 11.8
Study period of 3 months. 
Participants crossed over.
CG: Bedside. Meals consumption at bedside. 
IG: Dining room. On three days of the week, 
patients were encouraged to attend a dining room, 
supervised by 1-2 staff members.
Nutritional intake: Proportion 
consumed at midday meals 
determined through 5-point 
consumption scale: 0, ¼, ½, ¾, 
1. Energy and protein intake 
were calculated using nutrient 
analysis of the food. 
Sub analysis for patients with 
malnutrition (MST>2), cognitive 
impairment (MMSE) and  
low appetite.
Nutritional intake: Energy and 
protein intake higher in IG than CG 
(2158.3 vs. 1723kJ and 28.2 vs. 
22.5g).
MST>2: intake higher in IG than CG 
(2295.0 vs. 1331.0kJ and 27.3 vs. 
19.9g)
MMSE≤25: intake higher in IG than 
CG (2136.6 vs. 1479.4kJ and  
27.2 vs. 19.0g), 
Low appetite:  protein intake higher 
in IG than CG (24.0 vs. 16.6g). 
Strengths:
Design: Participants were their 
own controls.
Outcome measure: Intake 
measured in different groups of 
patients using sub analyses.
Limitations:
Design: Small population.
Outcome measures: Leftovers 
not weighed.
Only midday meals measured. 
Requirements not taken into 
account.
McCray
2017
Retrospective cohort
148
General medical, surgical 
and oncology wards
CG: 62.9 ± 19.5
IG: 66.3 ± 15.1
Study period of 3 years (9 
months of observation)
CG: Traditional foodservice model. 
Order meals with paper menu, up to 24h before 
meal. Meals are delivered at set times.
(n=85)
IG: Room service.
Meals ordered by a la carte style, by phoning 
anytime between 6:30am and 7:00pm. Meals are 
prepared on demand and delivered within 45min.
(n=63)
Nutritional intake:
Intake of all meals and snacks 
estimated by nutrition and 
dietetics students with a 5-point 
visual scale: 0, ¼, ½, ¾, 1. 
Bodyweight used to estimate 
energy and protein requirements. 
Satisfaction:
Analyzed using survey data 
results from the organization’s 
routine “Press Ganey” survey. 
Seven food domains regarding 
food quality and foodservice.
Nutritional intake:
Energy and protein intake was 
higher in IG than CG (1.588 vs. 
1.306kcal/d and 65.9 vs. 52.3g/d). 
The percentage of estimated energy 
and protein requirements was also 
higher in IG (75.1% vs. 63.0% and 
84.7% vs. 65.0%).
Satisfaction:
Improvements in all domains  
were seen. 
Strengths:
Outcome measures: 
Requirements taken into 
account. Both intake and 
satisfaction were tested.
Limitations:
Outcome measures:
Intake measurement  
not validated.
Munk
2014
Single-blinded RCT
84
Departments of oncology, 
orthopedics and urology.
CG: 74
IG: 75 
Each group 18 weeks. 
CG: Standard hospital menu. Three main 
meals (served from a buffet) provided 50-75% of 
nutritional requirements. Three in-between meals, 
served by nursing staff or buffet-staff.
IG: Protein-supplemented foodservice. 
Supplemental to CG. À la carte menu of small menu 
items enriched with energy-dense ingredients, 
supplemented with protein powder. Patients, ward 
staff or research assistants could order by telephone 
and menu items arriving within 20 min of ordering. 
Nursing staff assisted patients if needed. 
Number of patients fulfilling 
≥75% of energy and protein 
requirements: Requirements 
calculated using basic metabolic rate 
and estimated activity factor. Protein 
requirements set at 18% of  
energy requirement. 
Mean energy and protein intake: 
Mean intake over 3 - 7 days, 
according to body weight. Visually 
assessed and recorded in quartiles by 
nursing staff or patients (validated). 
Handgrip strength: Measured in 
right hand using dynamometer.
Length of hospital stay
Number of patients fulfilling 
≥75% of energy and protein 
requirements: No difference in 
fulfilling energy requirements. 
More patients in IG met protein 
requirements: 30% vs. 66%. 
Mean energy and protein intake: 
Higher energy intake in IG than 
CG (+693 kJ). Mean protein intake 
higher in IG (+9.6 g/day), also in 
relation to BW (+0.2 g/kg).  
Handgrip strength, length of 
hospital stay: No differences.
Strengths:
Population: Diverse patient 
group.
Design: Patients randomly 
allocated.
Outcome measures: 
Requirements taken into 
account. Nutritional status also 
measured.
Limitations:
Outcome measures: Intake 
noted in quartiles instead of 
exact amount consumed.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Olin
1996
Prospective double 
blinded cohort 
(patient is own 
control)
36
Two wards in a long-term 
geriatric care hospital
CG: 79 ± 3
IG: 84 ± 7 
12 weeks. Both systems 6 
weeks.
CG: Standard system. Foodservice system 
unknown. 
IG: Energy-enriched hospital food. Lunches 
and dinners of standard system enriched (average 
increase of 50%) with natural ingredients.
Nutritional intake: Visually 
measured and recorded in 
quartiles of full amount served, 
done by ward staff. 
Body weight: Weighed before 
start study, every 3 weeks, and 6 
weeks after completion.
Modified Norton scale:  Scoring 
system includes variables of 
functional condition: mobility, 
activity and wellbeing. 
Nutritional intake: Mean energy 
intake increased with 40%, from 25 
(CG) to 35 kcal/kg/day (IG).
Body weight: In IG, body weight 
increased with 3.4%, from 54.4 to 
55.7kg after 6 weeks. No weight 
change in CG.
Modified Norton scale: No change 
in overall activity measures. 
Strengths:
Design: Double-blinded study
Outcome measures: Use of 
the Norton Scale.
Limitations:
Year: Old study. May not be 
generalizable to the current 
system. 
Design: Standard system not 
described.
Outcome measures: 
requirements not taken into 
account. 
Palmer
2015
Prospective cohort
798
Surgical and medical wards
63 ± 19 
2 years. Each system 1 year.
CG: Standard system. Standard care before 
implementation of PMP. (n=122)
IG: Protected mealtimes program. Volunteers, 
staff and visitors assisted with meals during 
mealtimes. Posters on wards displayed times 
reserved for mealtimes and requests for priority for 
meal trolleys, Tray tables were kept clear and within 
patients’ reach. (n=210)
Aspects of protected 
mealtimes associated with 
intake: Intake visually estimated 
(validated) and noted in quartiles 
(e.g. ½ - ¾) at data collection 
sheets at all three main meals. 
Proportion of nutrient-dense 
food items classified as <50% or 
>50%. Barriers to consumption 
and interruptions collected.
Aspects of protected mealtimes 
associated with intake:  PMP not 
associated with intake. Appropriate 
positioning and presence of 
volunteers during mealtime; having 
more time to eat, no interruptions 
and meals within reach, positively 
associated with intake.
In patients that required mealtime 
assistance, protein intake was 
positively associated with volunteers 
in wards at mealtime and patients 
appropriately positioned.
Strengths:  
Population: Large study 
population. 
Outcome measures: Only staff 
filled in data collection sheets. 
All main meals of the day 
included.
Limitations: 
Outcome measures: 
Requirements not taken into 
account.
Pietersma
2003
Prospective cohort 
(patient is own 
control)
27
Acute oncology and 
palliative care unit
NS 
10 days. Lunch served 
according to CG and supper 
according to IG.
CG: Traditional food tray. Meals prepared centrally 
and delivered to patients on thermal trays. Ordering 
24 h in advance. Supper delivered by tray. (n=27)
IG: Electric food cart. Same food served as in CG, 
but in bulk. Cart with heated surface and lamp. 
Deciding what and how much to eat at bedside. 
Lunch delivered by cart. (n=27)
Patient satisfaction: 
Questionnaire with 11 questions 
(scale of 1-5) about food 
appearance, temperature, portion 
size, variety and time of service. 
Patients completed one copy 
after lunch and one after supper. 
(n=22)
Patient satisfaction: All items 
rated higher in IG, except for meal 
temperature. 
95% of patients preferred the food 
cart to the food tray. 90% preferred 
to choose portion size themselves 
and 94% preferred to choose food 
type themselves.
Strengths:
Design: Patients were their own 
controls.
Outcome measures: Various 
aspects of meal rated in 
questionnaire.
Limitations:
Population: Age not specified. 
Small population.
Outcome measures: Survey not 
tested for validity or reliability.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Olin
1996
Prospective double 
blinded cohort 
(patient is own 
control)
36
Two wards in a long-term 
geriatric care hospital
CG: 79 ± 3
IG: 84 ± 7 
12 weeks. Both systems 6 
weeks.
CG: Standard system. Foodservice system 
unknown. 
IG: Energy-enriched hospital food. Lunches 
and dinners of standard system enriched (average 
increase of 50%) with natural ingredients.
Nutritional intake: Visually 
measured and recorded in 
quartiles of full amount served, 
done by ward staff. 
Body weight: Weighed before 
start study, every 3 weeks, and 6 
weeks after completion.
Modified Norton scale:  Scoring 
system includes variables of 
functional condition: mobility, 
activity and wellbeing. 
Nutritional intake: Mean energy 
intake increased with 40%, from 25 
(CG) to 35 kcal/kg/day (IG).
Body weight: In IG, body weight 
increased with 3.4%, from 54.4 to 
55.7kg after 6 weeks. No weight 
change in CG.
Modified Norton scale: No change 
in overall activity measures. 
Strengths:
Design: Double-blinded study
Outcome measures: Use of 
the Norton Scale.
Limitations:
Year: Old study. May not be 
generalizable to the current 
system. 
Design: Standard system not 
described.
Outcome measures: 
requirements not taken into 
account. 
Palmer
2015
Prospective cohort
798
Surgical and medical wards
63 ± 19 
2 years. Each system 1 year.
CG: Standard system. Standard care before 
implementation of PMP. (n=122)
IG: Protected mealtimes program. Volunteers, 
staff and visitors assisted with meals during 
mealtimes. Posters on wards displayed times 
reserved for mealtimes and requests for priority for 
meal trolleys, Tray tables were kept clear and within 
patients’ reach. (n=210)
Aspects of protected 
mealtimes associated with 
intake: Intake visually estimated 
(validated) and noted in quartiles 
(e.g. ½ - ¾) at data collection 
sheets at all three main meals. 
Proportion of nutrient-dense 
food items classified as <50% or 
>50%. Barriers to consumption 
and interruptions collected.
Aspects of protected mealtimes 
associated with intake:  PMP not 
associated with intake. Appropriate 
positioning and presence of 
volunteers during mealtime; having 
more time to eat, no interruptions 
and meals within reach, positively 
associated with intake.
In patients that required mealtime 
assistance, protein intake was 
positively associated with volunteers 
in wards at mealtime and patients 
appropriately positioned.
Strengths:  
Population: Large study 
population. 
Outcome measures: Only staff 
filled in data collection sheets. 
All main meals of the day 
included.
Limitations: 
Outcome measures: 
Requirements not taken into 
account.
Pietersma
2003
Prospective cohort 
(patient is own 
control)
27
Acute oncology and 
palliative care unit
NS 
10 days. Lunch served 
according to CG and supper 
according to IG.
CG: Traditional food tray. Meals prepared centrally 
and delivered to patients on thermal trays. Ordering 
24 h in advance. Supper delivered by tray. (n=27)
IG: Electric food cart. Same food served as in CG, 
but in bulk. Cart with heated surface and lamp. 
Deciding what and how much to eat at bedside. 
Lunch delivered by cart. (n=27)
Patient satisfaction: 
Questionnaire with 11 questions 
(scale of 1-5) about food 
appearance, temperature, portion 
size, variety and time of service. 
Patients completed one copy 
after lunch and one after supper. 
(n=22)
Patient satisfaction: All items 
rated higher in IG, except for meal 
temperature. 
95% of patients preferred the food 
cart to the food tray. 90% preferred 
to choose portion size themselves 
and 94% preferred to choose food 
type themselves.
Strengths:
Design: Patients were their own 
controls.
Outcome measures: Various 
aspects of meal rated in 
questionnaire.
Limitations:
Population: Age not specified. 
Small population.
Outcome measures: Survey not 
tested for validity or reliability.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Porter
2017
Randomized 
controlled trial
149
(38 crossed over)
Rehabilitation and geriatric 
wards.
CG: 80.5 ± 10.7
IG: 78.6 ± 12.9
4 weeks. 
CG: Standard hospital system. Mealtime processes 
that were already in place. No protected mealtimes 
policy. (n=82)
IG: Protected mealtimes. During mealtimes doors 
were closed and unnecessary disruptions minimized. 
(n=105). Ward and foodservice staff trained before 
intervention.
Nutritional intake: Energy 
and protein intake measured 
by nutrition and dietetics 
students through observations 
of consumptions at main meals 
and mid-meals. Estimations (in 
quarters) were converted to 
energy and proteins. Energy and 
protein deficits were calculated 
by subtracting mean protein and 
energy intakes from estimated 
requirements. More than one 
observation per participant was 
made. (n=416)
Nutritional intake:
No change in energy and protein 
intake. Energy deficit decreased in 
IG compared to CG after correction 
for baseline determinants.
Strengths: 
Outcomes: In addition to intake, 
energy and protein deficit also 
analyzed.
Limitations:
Outcomes: Design: Way of 
handling withdrawals  
not described.
Roberts
2017
quasi-experimental 
study
407
Acute medical female ward
Observational year:
CG: 87.8 ± 5.8
IG: 87.1 ± 5.3
Intervention year:
CG: 87.9 ± 5.1
IG: 87.1 ± 5.3
2 years. 1 year pre- and one 
year post-intervention
CG: Standard hospital system. No volunteer 
assistance. (n=104 pre-intervention year; n=82 post-
intervention year)
IG: Southampton mealtime assistance. Trained 
volunteers assisted nursing staff on intervention 
wards during lunchtimes. (n=117 pre-intervention 
year; n=104 post-intervention year)
The control wards and intervention wards were 
compared before and after implementation of 
the intervention.
Nutritional intake:
Daily and lunchtime energy and 
protein intake. All food and 
drinks were recorded and leftover 
items were weighed. Standard 
portion sizes were known.
Subgroup analysis in patients 
with risk of malnutrition, current 
confusion, and use of soft diets 
and sip feeds.
Nutritional intake:
No differences in daily or lunchtime 
energy and protein intakes between 
intervention and control wards in 
either observational or  
intervention year. 
Improvement in daily energy and 
protein intake in patients with 
confusion, after adjusting for BW.
Strengths:
Design: Control and 
intervention wards compared 
pre- and post-intervention.
Outcome measure: Leftover 
items weighed.
Limitations:
Design: Specific population: all 
female.
Outcome measure: No 
requirements taken into 
account.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Porter
2017
Randomized 
controlled trial
149
(38 crossed over)
Rehabilitation and geriatric 
wards.
CG: 80.5 ± 10.7
IG: 78.6 ± 12.9
4 weeks. 
CG: Standard hospital system. Mealtime processes 
that were already in place. No protected mealtimes 
policy. (n=82)
IG: Protected mealtimes. During mealtimes doors 
were closed and unnecessary disruptions minimized. 
(n=105). Ward and foodservice staff trained before 
intervention.
Nutritional intake: Energy 
and protein intake measured 
by nutrition and dietetics 
students through observations 
of consumptions at main meals 
and mid-meals. Estimations (in 
quarters) were converted to 
energy and proteins. Energy and 
protein deficits were calculated 
by subtracting mean protein and 
energy intakes from estimated 
requirements. More than one 
observation per participant was 
made. (n=416)
Nutritional intake:
No change in energy and protein 
intake. Energy deficit decreased in 
IG compared to CG after correction 
for baseline determinants.
Strengths: 
Outcomes: In addition to intake, 
energy and protein deficit also 
analyzed.
Limitations:
Outcomes: Design: Way of 
handling withdrawals  
not described.
Roberts
2017
quasi-experimental 
study
407
Acute medical female ward
Observational year:
CG: 87.8 ± 5.8
IG: 87.1 ± 5.3
Intervention year:
CG: 87.9 ± 5.1
IG: 87.1 ± 5.3
2 years. 1 year pre- and one 
year post-intervention
CG: Standard hospital system. No volunteer 
assistance. (n=104 pre-intervention year; n=82 post-
intervention year)
IG: Southampton mealtime assistance. Trained 
volunteers assisted nursing staff on intervention 
wards during lunchtimes. (n=117 pre-intervention 
year; n=104 post-intervention year)
The control wards and intervention wards were 
compared before and after implementation of 
the intervention.
Nutritional intake:
Daily and lunchtime energy and 
protein intake. All food and 
drinks were recorded and leftover 
items were weighed. Standard 
portion sizes were known.
Subgroup analysis in patients 
with risk of malnutrition, current 
confusion, and use of soft diets 
and sip feeds.
Nutritional intake:
No differences in daily or lunchtime 
energy and protein intakes between 
intervention and control wards in 
either observational or  
intervention year. 
Improvement in daily energy and 
protein intake in patients with 
confusion, after adjusting for BW.
Strengths:
Design: Control and 
intervention wards compared 
pre- and post-intervention.
Outcome measure: Leftover 
items weighed.
Limitations:
Design: Specific population: all 
female.
Outcome measure: No 
requirements taken into 
account.
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Robinson
2002
Non-randomized 
controlled trial
68
Elderly (>65 years) 
hospitalized patients 
requiring assistance with 
feeding
CG: 78.2
IG: 77.8
Each group 2 months. 
CG: Standard system.  No assistance during 
mealtimes. (n=34)
IG: Memorial Meal Mates. Volunteers trained to 
improve appetite and intake, and how to record 
patients’ food intake. (n=34)
Mean intake: Nurses in the CG 
group and Meal Mates in the IG 
recorded percentage of tray 
consumed for each patient, 
including foods and fluid. 
(Method of recording, amount 
of meals recorded (per day), and 
exact volunteer roles unknown).
Mean intake: 32.45% vs. 58.88% 
of the tray consumed in CG and  
IG respectively.
Strengths:
Design: Concurrent controls 
were used.
Limitations:
Design: No mention of frequency 
and time of volunteer assistance.
Populations: Only elderly 
patients that require assistance 
with feeding.
Outcome measures: Only mean 
intake measured, no energy 
or protein intakes. Variation in 
observers (nurses vs. volunteers).
Van der Zanden
2015
Prospective cohort 
(patient is own 
control)
208
Hospitalized patients
60.6 ± 17.8 
14 days in cycles. CG on day 
1, IG1 on day 2, IG2 on day 
3 and CG again on day 4.
CG: Control: Patients ordered by telephone. Calls 
were answered according to the standard system. 
(n=93)
IG1: Prompt: Telephone operators asked if patients 
would like the target product, dairy product with 
7.1g proteins per portion, with their order.  (n=62)
IG2: Praise-then-prompt: Telephone operators 
praised patient about placing the order, “Good 
that you ordered [food product]” and ended with 
a prompt.  (n=53)
Ordering target product for 
lunch: Whether or not patients 
ordered the target product. 
Protein and caloric content of 
ordered lunch: All data retrieved 
from hospital database. 
Patient rating: Using 
a questionnaire, patients said 
to what extent they consumed 
the target products (5-point 
Likert scale).
Ordering target product for 
lunch: 6.5%, 45.2% and 45.3% of 
orders, the target product showed 
up for CG, IG1 and IG2 respectively. 
Target product was ordered 
significantly less in CG.
Protein and caloric content of 
ordered lunch: No difference 
between groups.
Patient rating: 65% of patients 
who ordered target product reported 
eating “most” or “all” of it.
Strengths:
Outcome measures: Both 
nutritional value and 
questionnaires used to  
measure intake.
Limitations:
Design: Patients who asked 
family or nurses to order were 
not included (i.e. possible 
selection bias).
Outcome measures: Only intake 
at lunch reported. Ordered 
food was reported, but not 
consumed amount.
Wilson
2000
Prospective cohort
108 patient meals
General medical and 
orthopedic ward.
NS
Study period unknown. 
CG: Plated system. Printed menus filled in at wards. 
Meals plated-up on a belt-run and transported to 
the ward in trolleys, regenerated and served directly. 
(n=51)
IG: Bulk service. Printed menus filled in at wards, 
bulk supply is estimated accordingly. Containers 
transported to the ward and regenerated in bulk. 
Food then plated from hostess trolley at ward. 
Patients can change menu choice at point of service. 
(n=57)
Nutritional intake: Food items 
for lunch and supper menu 
items were weighed separately 
before put on plate and after 
consumption. 
Nutritional intake: Intakes greater 
in the IG for energy (319 vs. 414 
kcal), protein (14 vs. 18 g), fat (11 
vs. 16 g) and carbohydrates (41 vs. 
51 g). 
Strengths:
Outcome measures: Each food 
item weighed before and after 
consumption. Fat, protein and 
carbohydrate intake individually 
analyzed. 
Limitations:
Design: Study period not 
mentioned.
Population: Age not specified. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Robinson
2002
Non-randomized 
controlled trial
68
Elderly (>65 years) 
hospitalized patients 
requiring assistance with 
feeding
CG: 78.2
IG: 77.8
Each group 2 months. 
CG: Standard system.  No assistance during 
mealtimes. (n=34)
IG: Memorial Meal Mates. Volunteers trained to 
improve appetite and intake, and how to record 
patients’ food intake. (n=34)
Mean intake: Nurses in the CG 
group and Meal Mates in the IG 
recorded percentage of tray 
consumed for each patient, 
including foods and fluid. 
(Method of recording, amount 
of meals recorded (per day), and 
exact volunteer roles unknown).
Mean intake: 32.45% vs. 58.88% 
of the tray consumed in CG and  
IG respectively.
Strengths:
Design: Concurrent controls 
were used.
Limitations:
Design: No mention of frequency 
and time of volunteer assistance.
Populations: Only elderly 
patients that require assistance 
with feeding.
Outcome measures: Only mean 
intake measured, no energy 
or protein intakes. Variation in 
observers (nurses vs. volunteers).
Van der Zanden
2015
Prospective cohort 
(patient is own 
control)
208
Hospitalized patients
60.6 ± 17.8 
14 days in cycles. CG on day 
1, IG1 on day 2, IG2 on day 
3 and CG again on day 4.
CG: Control: Patients ordered by telephone. Calls 
were answered according to the standard system. 
(n=93)
IG1: Prompt: Telephone operators asked if patients 
would like the target product, dairy product with 
7.1g proteins per portion, with their order.  (n=62)
IG2: Praise-then-prompt: Telephone operators 
praised patient about placing the order, “Good 
that you ordered [food product]” and ended with 
a prompt.  (n=53)
Ordering target product for 
lunch: Whether or not patients 
ordered the target product. 
Protein and caloric content of 
ordered lunch: All data retrieved 
from hospital database. 
Patient rating: Using 
a questionnaire, patients said 
to what extent they consumed 
the target products (5-point 
Likert scale).
Ordering target product for 
lunch: 6.5%, 45.2% and 45.3% of 
orders, the target product showed 
up for CG, IG1 and IG2 respectively. 
Target product was ordered 
significantly less in CG.
Protein and caloric content of 
ordered lunch: No difference 
between groups.
Patient rating: 65% of patients 
who ordered target product reported 
eating “most” or “all” of it.
Strengths:
Outcome measures: Both 
nutritional value and 
questionnaires used to  
measure intake.
Limitations:
Design: Patients who asked 
family or nurses to order were 
not included (i.e. possible 
selection bias).
Outcome measures: Only intake 
at lunch reported. Ordered 
food was reported, but not 
consumed amount.
Wilson
2000
Prospective cohort
108 patient meals
General medical and 
orthopedic ward.
NS
Study period unknown. 
CG: Plated system. Printed menus filled in at wards. 
Meals plated-up on a belt-run and transported to 
the ward in trolleys, regenerated and served directly. 
(n=51)
IG: Bulk service. Printed menus filled in at wards, 
bulk supply is estimated accordingly. Containers 
transported to the ward and regenerated in bulk. 
Food then plated from hostess trolley at ward. 
Patients can change menu choice at point of service. 
(n=57)
Nutritional intake: Food items 
for lunch and supper menu 
items were weighed separately 
before put on plate and after 
consumption. 
Nutritional intake: Intakes greater 
in the IG for energy (319 vs. 414 
kcal), protein (14 vs. 18 g), fat (11 
vs. 16 g) and carbohydrates (41 vs. 
51 g). 
Strengths:
Outcome measures: Each food 
item weighed before and after 
consumption. Fat, protein and 
carbohydrate intake individually 
analyzed. 
Limitations:
Design: Study period not 
mentioned.
Population: Age not specified. 
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Young
2013
Pre-post  
prospective cohort
254
Three internal  
medicine wards
80 ± 8 
1 year. CG observed 
for 6 months. PM, 
AIN and PM+AIN were 
simultaneously observed 
during 6 months.
CG: Pre-intervention data. Standard mealtime 
procedures. Assistance not given in structured 
manner. (n=115)
PM: Protected mealtimes. Non-urgent activities 
and interruptions limited at mealtimes. Patients 
encouraged and assisted with intake. Lunch breaks 
of nurses rearranged to maximize patient assistance. 
(n=39)
AIN: Additional assistant-in-nursing. One AIN 
member employed per ward to assist patients with 
meals and completing orders (encouraging high 
energy and protein options) and to document intake 
when requested. (n=58)
PM + AIN: Combined intervention. Both 
interventions implemented together. (n=42)
Nutritional intake: Measured by 
dietician and dietetic assistants 
through visual estimation 
(validated). Each meal was 
inspected on delivery and 
completion. Energy and protein 
content was calculated using 
known food compositions. 
Estimated requirements were 
calculated based on BMI and 
body weight. 
Nutritional intake: No differences 
in energy intakes between 
groups. More adequate energy 
intake in the IGs than in the CG. 
8% adequate intake in CG vs. 
20%-31% (range) in the IGs. No 
differences between  
the different IGs.
Protein intakes showed a trend 
towards improvement in AIN and 
PM+AIN groups. Not significant 
when adjusted for body weight. 
More participants in IGs had 
adequate protein intake than in 
the CG. 12% in CG vs. 21-31% in 
IGs. No differences between IGs.
Strengths:
Design: Multiple types of 
interventions compared with 
each other. 
Outcome measures: 
Requirements measured.
Limitations:
Design: Way of handling 
withdrawals not described.
NR: not randomized; RCT: randomized controlled trial; NS: not specified; CI: confidence interval; IG1: Intervention 
 group 1; IG2: Intervention group 2; IGs: Intervention groups; S: significant; BW: bodyweight
Significantly different if p<0.05
Only significant results are reported (better or worse compared to the other group)
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Supplementary Table 1. (continued)
First author 
Year
Design
n
Sample
Mean ±SD or 
median [Range] 
age (years)  
Study period
Control group (CG) 
Intervention group (IG) Outcome measures Results Discussion
Young
2013
Pre-post  
prospective cohort
254
Three internal  
medicine wards
80 ± 8 
1 year. CG observed 
for 6 months. PM, 
AIN and PM+AIN were 
simultaneously observed 
during 6 months.
CG: Pre-intervention data. Standard mealtime 
procedures. Assistance not given in structured 
manner. (n=115)
PM: Protected mealtimes. Non-urgent activities 
and interruptions limited at mealtimes. Patients 
encouraged and assisted with intake. Lunch breaks 
of nurses rearranged to maximize patient assistance. 
(n=39)
AIN: Additional assistant-in-nursing. One AIN 
member employed per ward to assist patients with 
meals and completing orders (encouraging high 
energy and protein options) and to document intake 
when requested. (n=58)
PM + AIN: Combined intervention. Both 
interventions implemented together. (n=42)
Nutritional intake: Measured by 
dietician and dietetic assistants 
through visual estimation 
(validated). Each meal was 
inspected on delivery and 
completion. Energy and protein 
content was calculated using 
known food compositions. 
Estimated requirements were 
calculated based on BMI and 
body weight. 
Nutritional intake: No differences 
in energy intakes between 
groups. More adequate energy 
intake in the IGs than in the CG. 
8% adequate intake in CG vs. 
20%-31% (range) in the IGs. No 
differences between  
the different IGs.
Protein intakes showed a trend 
towards improvement in AIN and 
PM+AIN groups. Not significant 
when adjusted for body weight. 
More participants in IGs had 
adequate protein intake than in 
the CG. 12% in CG vs. 21-31% in 
IGs. No differences between IGs.
Strengths:
Design: Multiple types of 
interventions compared with 
each other. 
Outcome measures: 
Requirements measured.
Limitations:
Design: Way of handling 
withdrawals not described.
NR: not randomized; RCT: randomized controlled trial; NS: not specified; CI: confidence interval; IG1: Intervention 
 group 1; IG2: Intervention group 2; IGs: Intervention groups; S: significant; BW: bodyweight
Significantly different if p<0.05
Only significant results are reported (better or worse compared to the other group)
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Supplementary Table 2. Quality assessment using the Quality Criteria Checklist for 
Primary Research of included studies in a systematic review of inpatient foodservices.
Author (year) Study design
Validity itemsa
CommentsQuality rating 1 2 3 4 5 6 7 8 9 10
Barton et al. (2000)(20) RCT with  
cross-over
Negative + -  - - + + - - - + Groups not comparable. Eligibility criteria not specified. Outcomes 
not reported in intake per requirement.
Beelen et al. (2017)(14) RCT Positive + + + + - + + - + + Normality of data and adjustment for confounding not specified. 
Collins et al. (2017)(15) Non-randomized 
non-blinded pilot 
study
Neutral + + + + NA + - + + + Patients’ requirements not calculated.
Dijxhoorn et al. (2017)(31) Pre-post 
prospective cohort
Positive + + + + NA + + + + + Blinding not applicable due to nature of the intervention.
Doorduijn et al. (2015)(44) Pre-post 
prospective cohort
Positive + + + - NA + + + + + Blinding and withdrawals not specified. 
Edwards et al. (2006)(22) Prospective cohort Neutral  + - - - NA + - + - + No baseline table. Intake only measured at main courses. Effect 
of intervention not clear described in conclusion. Patients’ 
requirements not calculated.
Freil et al. (2006)(19) Pre-post 
prospective cohort
Negative + - - - - + - - + + Eligibility criteria and patients characteristics not specified. 
Patients’ requirements not calculated.
Gall et al. (1998)(17) Prospective cohort Neutral + + - + - + - - + + Baseline demographics not specified. Intake noted (and not 
weighted) by patients/family/nurses on record sheets. 
Goeminne et al. (2012)(23) Prospective cohort Neutral + - + - NA + - + + + Exclusion criteria, way of handling blinding and withdrawals not 
specified. Patients’ requirements not calculated.
Hartwell et al. (2007)(25) Cross-sectional 
cohort
Neutral + - - - NA + + - + + Concise baseline table and description of statistical analysis.
Hickson et al. (2004)(37) RCT Neutral + + + + NA + - + + + Intake measured using food records. 
Hickson et al. (2007)(24) Prospective cohort Neutral + + - - - + - - + + No comparison of baseline characteristics. Only measurements at 
lunchtime.  Energy requirements were measured in IG but there was 
no comparison with CG. Withdrawals weren’t clearly mentioned.
Hickson et al. (2011)(40) Prospective cohort Neutral + + - - NA + - + - + Only measurements at lunchtime. Baseline characteristics and 
limitations not specified.
Holst et al. (2017)(42) Pre-post 
prospective cohort
Neutral + + - + NA + - - + + No information on way of measuring food intake. No adjustment 
for confounding.
Huang et al. (2015)(33) Prospective  
cohort (pilot)
Neutral + - - - NA + - + + + Baseline characteristics and exclusion criteria not specified. 
Small sample size, short duration and only volunteers present at 
lunchtime while daily intake is an outcome factor. 
Huxtable et al. (2013)(34) Prospective cohort Neutral + + + + NA + - + + + Patients’ requirements not calculated
Lambert et al. (1999)(28) Prospective cohort Neutral + - - - - + + - + + Baseline characteristics, exclusion criteria, normality and 
adjustment for confounders not specified.
Larsen et al. (2007)(46) Prospective cohort Neutral + - + - NA + - + + + Eligibility criteria, way of blinding and handling withdrawals not 
clearly specified. Intake noted by patients them self. 
Lindman et al. (2013)(32) Prospective cohort Positive + + + + NA + + + + + Blinding not applicable due to nature of the intervention.
Lörefalt et al. (2005)(18) Prospective  
cohort (patient is 
own control)
Neutral + + NA + - + - - + + No baseline table. Patients’ requirements not calculated. 
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Supplementary Table 2. Quality assessment using the Quality Criteria Checklist for 
Primary Research of included studies in a systematic review of inpatient foodservices.
Author (year) Study design
Validity itemsa
CommentsQuality rating 1 2 3 4 5 6 7 8 9 10
Barton et al. (2000)(20) RCT with  
cross-over
Negative + -  - - + + - - - + Groups not comparable. Eligibility criteria not specified. Outcomes 
not reported in intake per requirement.
Beelen et al. (2017)(14) RCT Positive + + + + - + + - + + Normality of data and adjustment for confounding not specified. 
Collins et al. (2017)(15) Non-randomized 
non-blinded pilot 
study
Neutral + + + + NA + - + + + Patients’ requirements not calculated.
Dijxhoorn et al. (2017)(31) Pre-post 
prospective cohort
Positive + + + + NA + + + + + Blinding not applicable due to nature of the intervention.
Doorduijn et al. (2015)(44) Pre-post 
prospective cohort
Positive + + + - NA + + + + + Blinding and withdrawals not specified. 
Edwards et al. (2006)(22) Prospective cohort Neutral  + - - - NA + - + - + No baseline table. Intake only measured at main courses. Effect 
of intervention not clear described in conclusion. Patients’ 
requirements not calculated.
Freil et al. (2006)(19) Pre-post 
prospective cohort
Negative + - - - - + - - + + Eligibility criteria and patients characteristics not specified. 
Patients’ requirements not calculated.
Gall et al. (1998)(17) Prospective cohort Neutral + + - + - + - - + + Baseline demographics not specified. Intake noted (and not 
weighted) by patients/family/nurses on record sheets. 
Goeminne et al. (2012)(23) Prospective cohort Neutral + - + - NA + - + + + Exclusion criteria, way of handling blinding and withdrawals not 
specified. Patients’ requirements not calculated.
Hartwell et al. (2007)(25) Cross-sectional 
cohort
Neutral + - - - NA + + - + + Concise baseline table and description of statistical analysis.
Hickson et al. (2004)(37) RCT Neutral + + + + NA + - + + + Intake measured using food records. 
Hickson et al. (2007)(24) Prospective cohort Neutral + + - - - + - - + + No comparison of baseline characteristics. Only measurements at 
lunchtime.  Energy requirements were measured in IG but there was 
no comparison with CG. Withdrawals weren’t clearly mentioned.
Hickson et al. (2011)(40) Prospective cohort Neutral + + - - NA + - + - + Only measurements at lunchtime. Baseline characteristics and 
limitations not specified.
Holst et al. (2017)(42) Pre-post 
prospective cohort
Neutral + + - + NA + - - + + No information on way of measuring food intake. No adjustment 
for confounding.
Huang et al. (2015)(33) Prospective  
cohort (pilot)
Neutral + - - - NA + - + + + Baseline characteristics and exclusion criteria not specified. 
Small sample size, short duration and only volunteers present at 
lunchtime while daily intake is an outcome factor. 
Huxtable et al. (2013)(34) Prospective cohort Neutral + + + + NA + - + + + Patients’ requirements not calculated
Lambert et al. (1999)(28) Prospective cohort Neutral + - - - - + + - + + Baseline characteristics, exclusion criteria, normality and 
adjustment for confounders not specified.
Larsen et al. (2007)(46) Prospective cohort Neutral + - + - NA + - + + + Eligibility criteria, way of blinding and handling withdrawals not 
clearly specified. Intake noted by patients them self. 
Lindman et al. (2013)(32) Prospective cohort Positive + + + + NA + + + + + Blinding not applicable due to nature of the intervention.
Lörefalt et al. (2005)(18) Prospective  
cohort (patient is 
own control)
Neutral + + NA + - + - - + + No baseline table. Patients’ requirements not calculated. 
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Table 5. (continued)
Author (year) Study design
Validity itemsa
CommentsQuality rating 1 2 3 4 5 6 7 8 9 10
Manning et al. (2012)(30) Prospective cohort 
(patient is own 
control)
Positive + + NA - NA + + + + + Methods of handling withdrawals not clearly described.
Markovski et al. (2017)(41) Prospective pilot 
study (patient is 
own control)
Neutral + + NA - NA - - - + + Control and intervention not specified. Patients’ requirements not 
calculated. No adjustment for confounding factors.
McCray et al. (2017)(47) Retrospective 
cohort
Neutral + + - NA NA + - - + + No adjustment for confounding factors mentioned. Meal intake 
observation tool not validated.
Munk et al. (2014)(16) Single-blinded RCT Positive + + + + NA + + + + + Data analysis was blinded, but participants and data assessors 
were not due to nature of intervention (risk of performance and 
detection bias)
Olin et al. (1996)(21) Prospective double 
blinded cohort 
(patient is own 
control)
Negative - - NA + - - - - - + Eligibility criteria not specified. BMI not in baseline table. Standard 
system not described. Patients’ requirements not calculated. 
Limitations not clearly mentioned in discussion.
Palmer et al. (2015)(36) Prospective cohort Neutral + + + - NA + - + + + Patients’ requirements not calculated. Way of handling 
withdrawals not specified. 
Pietersma et al. (2003)(26) Prospective  cohort 
(patient is own 
control)
Neutral + + NA + NA + - - + + No baseline table. The survey was not tested for validity or 
reliability. Statistics described too briefly.
Porter et al.(2017)(39) RCT Positive + + +  - NA + + + + + Way of handling withdrawals not mentioned.
Roberts et al. (2017)(38) Pre-post 
prospective cohort
Neutral + + + + NA + - - + + Patients’ requirements not calculated. No adjustment for 
confounding factors.
Robinson et al. (2002)(29) Non-randomized 
controlled trial
Negative + + - - NA - - - + U No baseline table. Study duration not specified. Intake measured 
in percentages but not regarding specific macronutrients or 
calories. Conflict of interest unclear: Peggy and Lynne were 
authors and also worked as volunteers.
Van der Zanden  
et al. (2015)(45)
Prospective cohort 
(patient is  
own control)
Positive + + NA + NA + + + + + Telephone operators not fully blinded, but patients were. Food 
orders measured instead of actual food intake.
Wilson et al. (2000)(27) Prospective cohort Negative + - - - NA + - - - + Eligibility criteria and baseline table not specified. Nutritional 
requirements not measured. Limitations not clearly mentioned. 
Young et al. (2013)(35) Pre-post 
prospective cohort
Positive + + + - NA + + + + + Way of handling withdrawals not described.
NA: not applicable: -: no ; RCT: Randomized Controlled Trial; U: unclear ; +: yes.
aValidity items: studies were rated on the basis of these items. [1] research question stated; [2] subject selection free 
from bias; [3] comparable study groups; [4] method for withdrawals described; [5] blinding used; [6] interventions
described; [7] outcomes stated, measurements valid and reliable; [8] appropriate statistical analysis; [9] appropriate 
conclusions, limitations described; [10] funding and sponsorship free from bias. Grey indicates validity items must be 
satisfied for a positive quality rating.
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Table 5. (continued)
Author (year) Study design
Validity itemsa
CommentsQuality rating 1 2 3 4 5 6 7 8 9 10
Manning et al. (2012)(30) Prospective cohort 
(patient is own 
control)
Positive + + NA - NA + + + + + Methods of handling withdrawals not clearly described.
Markovski et al. (2017)(41) Prospective pilot 
study (patient is 
own control)
Neutral + + NA - NA - - - + + Control and intervention not specified. Patients’ requirements not 
calculated. No adjustment for confounding factors.
McCray et al. (2017)(47) Retrospective 
cohort
Neutral + + - NA NA + - - + + No adjustment for confounding factors mentioned. Meal intake 
observation tool not validated.
Munk et al. (2014)(16) Single-blinded RCT Positive + + + + NA + + + + + Data analysis was blinded, but participants and data assessors 
were not due to nature of intervention (risk of performance and 
detection bias)
Olin et al. (1996)(21) Prospective double 
blinded cohort 
(patient is own 
control)
Negative - - NA + - - - - - + Eligibility criteria not specified. BMI not in baseline table. Standard 
system not described. Patients’ requirements not calculated. 
Limitations not clearly mentioned in discussion.
Palmer et al. (2015)(36) Prospective cohort Neutral + + + - NA + - + + + Patients’ requirements not calculated. Way of handling 
withdrawals not specified. 
Pietersma et al. (2003)(26) Prospective  cohort 
(patient is own 
control)
Neutral + + NA + NA + - - + + No baseline table. The survey was not tested for validity or 
reliability. Statistics described too briefly.
Porter et al.(2017)(39) RCT Positive + + +  - NA + + + + + Way of handling withdrawals not mentioned.
Roberts et al. (2017)(38) Pre-post 
prospective cohort
Neutral + + + + NA + - - + + Patients’ requirements not calculated. No adjustment for 
confounding factors.
Robinson et al. (2002)(29) Non-randomized 
controlled trial
Negative + + - - NA - - - + U No baseline table. Study duration not specified. Intake measured 
in percentages but not regarding specific macronutrients or 
calories. Conflict of interest unclear: Peggy and Lynne were 
authors and also worked as volunteers.
Van der Zanden  
et al. (2015)(45)
Prospective cohort 
(patient is  
own control)
Positive + + NA + NA + + + + + Telephone operators not fully blinded, but patients were. Food 
orders measured instead of actual food intake.
Wilson et al. (2000)(27) Prospective cohort Negative + - - - NA + - - - + Eligibility criteria and baseline table not specified. Nutritional 
requirements not measured. Limitations not clearly mentioned. 
Young et al. (2013)(35) Pre-post 
prospective cohort
Positive + + + - NA + + + + + Way of handling withdrawals not described.
NA: not applicable: -: no ; RCT: Randomized Controlled Trial; U: unclear ; +: yes.
aValidity items: studies were rated on the basis of these items. [1] research question stated; [2] subject selection free 
from bias; [3] comparable study groups; [4] method for withdrawals described; [5] blinding used; [6] interventions
described; [7] outcomes stated, measurements valid and reliable; [8] appropriate statistical analysis; [9] appropriate 
conclusions, limitations described; [10] funding and sponsorship free from bias. Grey indicates validity items must be 
satisfied for a positive quality rating.
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ABSTRACT 
Background & Aims
Improvement of hospital meal services is a strategy to optimize protein and energy 
intake and prevent or treat malnutrition during hospitalization. FoodforCare (FfC) is 
a new concept comprising 6-protein-rich meals per day, provided directly at the bedside 
following proactive advice from a nutritional assistant. Our aim is to investigate whether 
this new concept, FfC, improves dietary intake and patient satisfaction, compared to 
the traditional 3-meals a day service (TMS). 
Methods
We performed a quasi experimental study at medical (Gastroenterology) and surgical 
(Gynecology, Urology, Orthopedics) wards. Patients were offered TMS (July 2015 - May 
2016; n=326) or FfC meal service (after stepwise introduction per ward from January 
2016 - December 2016; n=311). Primary outcome was the mean percentage of protein 
and energy intake relative to requirements, between patients receiving TMS and those 
receiving FfC, on the first and fourth day of full oral intake. Patient satisfaction comprised 
rating of the experienced quality of the meals and the meal service by means of 
a validated questionnaire. 
Results
Patient characteristics were similar between groups, with the exception that the FfC 
group contained more oncology patients (p=0.028). FfC improved mean daily protein 
intake (in g/day) relative to requirements (1.2g/kg/day) at day 1 (mean % ±SD: 79±33 vs. 
59±28; p<0.05) and day 4 (73 ±38 vs. 59±29; p<0.05). Mean daily energy intake (in kcal/
day) relative to requirements improved at day 1 (88±34 vs. 70±30; p<0.05) and day 4 
(84±40 vs. 73±31; p=0.05). On a scale of 1-10, patient satisfaction remained unchanged, 
in terms of food quality (7.7±1.5 vs. 7.4±1.4; p=0.09) and meal service (7.8±1.3 vs. 
7.7±1.1; p=0.29). The FfC group was more satisfied with the appearance and smell of 
the meals (both p<0.05). 
Conclusions
Implementation of this novel meal service substantially improved protein and energy 
intake while maintaining, and to some extent, improving patient satisfaction.
Keywords
meal service, protein intake, nutrition, satisfaction, malnutrition, hospitalized patients
Registration no: NCT03195283
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INTRODUCTION
Adequate nutritional intake, and particularly protein intake, is crucial to improve and 
maintain health during hospitalization. At least 40% of patients admitted to the hospital 
suffer from malnutrition, with an increase during hospital stay.(1) This problem leads to 
a number of complications, ranging from increased muscle loss, to higher infection rates, 
delayed wound healing and a prolonged hospital stay.(2),(3) These malnutrition-related 
complications have a major impact on hospital resources and healthcare costs.(4) 
Malnutrition in hospitalized patients may result from disease-related symptoms and/
or its treatment, and is associated with disease induced catabolism. (5) Patients often have 
a lower food intake, mostly due to decreased appetite, changes in taste and smell, often 
in relation to nausea and pain.(6) This problem is aggravated by the lack of awareness 
of malnutrition. Health care providers rather focus on the treatment of the underlying 
disease than on monitoring or improving nutritional status.(5)
An appropriate in-hospital meal service is regarded as a pivotal element of the strategy 
to minimize deterioration of the nutritional status. Conventional hospital meals, 3 main 
meals a day prepared by a central kitchen, are often low in protein and energy and are 
not appreciated by patients due to lack of taste, color and flavor, resulting in inadequate 
food intake particularly protein intake.(7, 8) There are a number of avenues to improve 
nutritional intake, with type of meal service and existence of individual contact with 
catering staff, like meal time assistance, as important factors.(9-11) Accordingly, dietary 
intake can be improved by serving smaller energy and protein enriched meals, and close 
attention to presentation, color, flavor and texture.(12)
Driven by patient initiatives, we recently innovated our local hospital meal service 
which has now been coined by health care providers and a professional catering industry 
as FoodforCare (FfC). Based on patients’ preferences, the concept implies that patients 
are offered a 6-meals per day service where special attention is given to the presentation 
and aroma of the meals. At the bedside, patients are offered one or more small protein-
rich dishes from a choice of 3. Nutritional assistants play a key role in recommending and 
delivering these meals and assist patients in choosing the most optimal dish based on 
their nutrition order. This in contrast to the traditional hospital meal service (TMS) which 
consisted of three meals a day, and where patients selected their main course on their 
own on a daily basis, by choosing a meal from a form early in the morning.
Our aim of this study was to assess, as a proof of principle, whether FoodforCare 
improves dietary intake and patient satisfaction, compared to the traditional 3-meals 
a day service in hospitalized patients.
MATERIALS AND METHODS
Study design
We performed a quasi-experimental study in our academic center in Nijmegen, 
The Netherlands, comparing two periods in which either one of the services was operational 
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in our hospital. Data for TMS were collected between July 2015 and May 2016. After 
implementation of FfC, data were collected between January 2016 and December 2016 
at the Departments of Gastroenterology, Urology/Gynaecology and Orthopedics.
The study population consisted of Dutch-speaking patients aged 18 years or older, 
with exclusively oral intake and an expected hospital stay of at least 1 day. Patients 
with tube- or parenteral feeding, a language barrier, or who were considered to be 
too weak to adequately answer our questions, were excluded from the study. Drop-out 
criteria included: discharge within 24 hours, being too ill to provide informed consent or 
relocation/transfer to another department within the first day of oral intake.
The Medical Ethics Committee of the RadboudUMC indicated that no formal approval 
was required (2015-1805) for this study. The medical attending staff provided permission 
to approach individual patients. Potential participants were identified through screening 
of electronic medical records on the day of admission. All patients gave informed consent 
before participation.
Meal services
Traditional meal service
TMS consists of three meals served by nutritional assistants throughout the day. Breakfast 
and lunch include cold dishes such as slices of bread with several bread spreads and 
fillings or yoghurt. Preference for dinner can be indicated in the morning by the individual 
patient from a menu list with predefined choices for meat, potatoes/rice/pasta and 
vegetables with various portion sizes (small, medium or large). The evening meal is served 
by reheating meals cooked 1–2 days before and chilled for storage until being served. 
A small snack is provided between breakfast and lunch, and between lunch and dinner 
if desired by the patient. Drinks, like tea, coffee and milk, were served with each round.
FoodforCare meal service
FfC consists of a 6-meals per day service. At bedside, patients are offered one or more 
small protein-rich dishes from a choice of 3. These dishes differ every day, in a 14 day 
cycle, except for breakfast. Breakfast includes milk-based products, like yoghurt and 
oatmeal, or slices of protein rich bread with several bread spreads. At 10:00 a.m. protein 
rich shakes/smoothies or fruit salads are served. Lunch consists of salads, sandwiches and 
hot soups and dinner consists of warm meals served in a small pan. Protein rich snacks, 
like cheese, wraps and sausages are served at 3:00 and 7:00 p.m. Evening meals are 
prepared in the external kitchen, transported to the hospital the next morning and chilled 
for storage until being served the same evening or the day after. Portion sizes and amount 
of proteins of the main meals ranging from 10-250 gram and 0-29 gram respectively, 
and for the in-between meals ranging from 10-200 gram and 0-22 gram respectively. 
Special attention is given to the meals’ presentation by the way it is prepared and served. 
Nutritional assistants play a key role in recommending and delivering these protein-rich 
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meals and assist patients in choosing the most optimal dish, based on the patient’s 
nutrition order in the electronic patient record. Assistance of patients with a high risk 
for malnutrition is based on individual protein requirements. To this end, these assistants 
are specifically trained in hospitality, food safety, product knowledge and recognition of 
specific issues related to nutrition for individual patients. 
Primary outcomes
Nutritional intake
The primary outcome was defined as the percentage of protein and energy intake relative 
to requirements on the first and fourth day of full oral intake. A sub analyses established 
the effect per ward and for the risk groups of malnutrition. 
Intake was precisely measured by subtracting the weight of each dish at the end of 
each mealtime from the weight at serving time. A dietary recall took place at the end of 
each day and patients were asked about factors which could have influenced the outcome, 
such as eating the main meal together and staying in a single room. All leftovers were 
collected and measured on a calibrated scale (KERN, PFB 6000-1M) by the researcher 
or by research assistants. Standard operating procedures were available and research 
assistants were trained the same way before start of the study, to avoid variance in way 
of measuring. The amount of protein and energy per dish at serving time was based on 
the recipe of the meals served by the central kitchen of Radboudumc and FfC derived 
from Dutch Food Composition Database.  Subsequently, the total protein and energy 
intake was calculated based on the proportion of food eaten per dish for the total day. 
Thereafter, data was imported in a digital tablet (Samsung Android 5.1.1) and stored at 
NetCon B.V. (Rotterdam, The Netherlands). 
Nutritional requirements were calculated for each patient. A minimum of 1.2 gram 
protein per kilogram corrected bodyweight (g/kg BW) per day was set as minimum 
requirement for all patients, since an intake of 1.2-1.5 g/kg BW is considered optimal for 
hospitalized (elderly) patients.(13, 14)
A sub-analysis assessed the number of patients with an intake of at least 1.0 g/kg BW, 
as this minimum supply is recommended for oncology patients.(15) To calculate protein 
requirements, body weight of patients with a BMI ≥ 30 kg/m2, was corrected to a body 
weight that corresponds with a BMI = 27.5 to avoid overconsumption. Body weight of 
patients with a BMI < 20, was corrected to a body weight fitting BMI = 20 to avoid under 
consumption.(16) Energy requirement (kcal) was calculated using the Harris & Benedict 
formula and multiplied by 1.3 for illness and physical activity.(17)
Secondary outcomes
Food appreciation
Patients completed two questionnaires on food appreciation and experiences regarding 
food access on the third day of full oral dietary intake in the hospital. 
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Patients’ appreciation was measured using a validated questionnaire by Naithani et 
al.(18) Questions were categorized into five domains related to food appreciation and 
accessibility: feeling hungry, physical barriers, organizational barriers, food choice, and 
food quality. Each domain included four to seven questions that were rated 1-4 using 
a Likert-like scale. The second questionnaire included two questions that required patients 
to rate meal service and food quality on a scale from 1-10.
Nutritional status 
Nutritional status was measured prior to meals in the morning of the first and fourth day 
of oral intake. Bodyweight was measured on a calibrated digital sitting scale (SECA no. 
959) to the nearest 0.1kg, while wearing light clothing. A correction was made for weight 
of heavy clothes, shoes and (if applicable) plaster casts, based on measured weight in our 
casts rooms. Handgrip was measured using a Jamar Hydrolic hand dynamometer (Lafayette 
Instrument Company, Lafayette, IN 47903 USA). Patients were sitting in the upward 
position with their arm in a 90-degree angled position. The highest measurement for 
each hand after 2 consecutive measurements was recorded for both hands. The risk 
for malnutrition was assessed using the Malnutrition Universal Screening Tool (MUST). 
Patients with a MUST score of ≥ 1 or ≥ 2 were determined as being at moderate or severe 
risk respectively. Standard operating procedures were available to avoid variance in way of 
measuring. Data on secondary outcomes was stored using a validated and GCP-approved 
data management system, Castor EDC (Ciwit B.V. Amsterdam, the Netherlands).
Statistical analysis
Baseline characteristics of participants were described by mean ± standard deviation (SD) 
in case of normally distributed continuous data, median and interquartile range (IQR) 
if not normally distributed or frequencies and percentages in case of dichotomous or 
ordinal data. The mean percentage of protein and energy intake relative to requirements 
at day 1 and 4, as well as the mean rating of the meal service and quality of the food, was 
compared between the groups by using an independent samples t-test. The paired T-test 
was used to compare means between days 1 and 4 within groups. The chi-square test 
was used to compare categorical data, like data of the questionnaire. Linear regression 
models were fit to adjust the outcome ‘percentage of protein and energy intake relative 
to requirements’ for potential confounders. We defined a set of potential confounders 
based on an assumed association with the primary outcome ánd selected the variables 
being significantly different between groups at baseline (Table 4) for further analysis. 
Potential confounders for the effect on patient’s satisfaction were also assessed. Potential 
confounders were added to the regression model one by one. Only covariates which 
had a significant impact, defined as a difference of > 10% on the beta-coefficient for 
the group variable, were included in the final model.
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Missing data of nutritional intake were analyzed by imputation of mean percentages 
intake at the corresponding day of the specific cohort. For all statistical tests, a two-tailed 
p-value <0.05 was considered to be statistically significant. All data was analyzed with 
the software package SPSS (version 22, SPSS Inc. Chicago, II, USA). A sample size of 
290 patients was required in each cohort to detect a difference of 7% in protein intake 
compared to requirements (based on unpublished data of a recent pilot) at day 1. For this 
calculation we used an SD of 30, a power of 80%, an alpha of 0.05, and two-tailed tests 
were performed. Based on an estimated dropout rate of 10%, a total of 638 patients 
had to be recruited for the study. For all analysis we consulted our epidemiologist (WK) 
working at the statistics department.
RESULTS
Patient characteristics
Flowchart
A total of 781 from 2603 screened patients, between July 2015 and December 2016, 
were eligible, 74 declined to participate and 707 patients were included in this study. 
With a dropout of 70 patients, ultimately 637 patients were eligible for analysis on day 1. 
Data of day 4 of oral intake were available for 169 patients (figure 1). 
Demographics
Table 1 shows baseline characteristics of the patients. Overall, characteristics were 
comparable between the two groups, except for the proportion of patients with an 
oncological disease (19.9% in TMS group vs. 27.3% in the FfC group). 
Nutritional status
At baseline, nutritional status parameters were comparable between the two groups, 
except for a higher proportion of patients without a risk for malnutrition (MUST=0) in 
the TMS group (p=0.03) (Table 2).
Nutritional intake
Protein intake
Table 3 shows the mean daily dietary intake for both meal services. In the FfC group, 
daily protein intake (g/day) relative to requirements (1.2g/kg/day) was higher at day 
1 (mean%±SD: 79±33 vs. 59±28; p<0.05) and day 4 (73±38 vs. 59±29; p<0.05), i.e. 
a difference of 20% and 14%, respectively, as shown in figure 2. Table 4 shows possible 
confounding factors. No confounders were included in the final model at day 1. At day 4, 
a significant difference of 12% was observed after adjusting for confounding (number of 
patients with bed rest). No significant difference in protein intake relative to requirements 
between days 1 and 4 was seen between the groups (p=0.69). 
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We subsequently investigated the effect per ward. This revealed the effect of FfC 
on percentage intake relative to requirements was most apparant at the Gynaecology 
ward after implementation of FfC (50% to 71.8%). At the ward of Orthopedics, patients 
in the FfC group obtained the highest protein intake relative to requirements at day 1 
(82.4%). Protein intake relative to requirements was highest in patients with a MUST 
score ≥2 and lowest in patients with a MUST score of 1 (Table 5). 
Protein requirements (1.2 g/kg BW) were met in 8% of patients for both days 1 and 
4 in the TMS group and in 24% and 23% of patients the FfC group, respectively (both 
p<0.05). Requirement of 1.0 g/kg BW was met in 19% and 20% in the TMS group at day 
1 and 4 respectively, compared to 46% and 37% in the FfC group (both p<0.05).
.
Enrollment
July 2015 –December 2016
Assessed for eligibility (n=2603) 
Excluded (n=1896)
• Not meeting inclusion criteria (n=1822)
• Declined to participate (n=74)
Analysis for day 4 (n=89)
Not followed up (n=237):
• Discharge before day 4 (n=229)
• No oral intake (n=4)
• Switch to other department (n=1)
• Withdrawn from study (n=3)
July 2015 - May 2016
Traditional meal service (n=373)
Received meal service (n=326)
Excluded after inclusion (n=47)
• < 1 day oral intake (n=28)
• Withdrawn from study (n=4) 
• Other reasons (n=15)
Not followed up (n=231):
• Discharge before day 4 (n=218)
• Switch to other department (n=4)
• Withdrawn from study (n=9)
January 2016 – December 
FoodforCare (n=334)
Received meal service (n=311)
Excluded after inclusions (n=23)
• < 1 day oral intake (n=16)
• Withdrawn from study (n=3) 
• Other reasons (n=4)
Analysis for day 4 (n=80)
Analysis
Follow-Up
Analysis day 1 (n=326) Analysis day 1 (n=311)
Analysis
Figure 1. Trial flowchart
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Energy intake
Figure 3 shows the mean energy intake relative to requirements. FfC improved mean 
daily energy intake relative to requirements at day 1 (88±34 vs. 70±30; p<0.05) and day 
4 (84±40 vs. 73±31; p=0.05). This is a significant difference of respectively 18% at day 1. 
No confounders were fit in the final model for this analysis.
Overall, data for < 3% of consumed dishes on day 1 and 4 were missing. The results 
for the primary outcome were statistically significant both in the complete case analysis 
and after imputation of missing data. 
Table 1. Baseline characteristics of patients in the traditional meal service study arm (July 2015- May 
2016) and FoodforCare study arm (January 2016-December 2016).
Variables
TMS 
n = 326
FfC
n = 311
Gender, n (%) Male 158 (49) 141 (45)
Age, yearsa 59±17 60±16
≥ 70 years, n (%) 93 (29) 92 (30)
Length of stay, daysa 5.0 [3-7] 5.0 [3-7]
Admission, n (%) Emergency 125 (38) 134 (43)
Elective 201 (62) 177 (57)
Oncological disease, n (%)* 65 (20) 85 (27)
Surgical procedure, n (%) 203 (62) 190 (61)
(Suspected) Infection, n (%) 68 (21) 55 (18)
Primary diagnosis, n (%) Gastrointestinal 76 (23) 58 (19)
Hepatic 28 (9) 30 (10)
Urogenital 71 (22) 73 (24)
Genital 39 (12) 39 (13)
Musculoskeletal 109 (33) 107 (34)
Respiratory 0 (0) 2 (1)
Internal Medicine 0 (0) 3 (1)
Dermatological 3 (1) 1 (0)
Ward, n (%) Gastroenterology and Hepatology 105 (32) 93 (30)
Orthopedics 111 (34) 105 (34)
Urology 72 (22) 76 (24)
Gynecology 38 (12) 37 (12)
Comorbidity, n (%) Diabetes Mellitus 30 (9) 42 (14)
Cerebrovascular 12 (4) 13 (4)
Cardiovascular 107 (48) 114 (52)
Other 98 (30) 113 (36)
a Mean±SD are shown for metric variables and median and [interquartile range] are used for  
non-metric variables.
*Statistically significant difference between groups, p<0.05
Abbreviations used: FfC: FoodforCare; TMS: traditional meal service
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Food appreciation and accessibility
The questionnaire of Naithani et al. was completed by 357 patients, of which 177/326 
patients (54%) in the control group and 180/311 patients (58%) in the FfC group. Of 
the 357 questionnaires received, 1% of the data was missing. Baseline characteristics were 
comparable between groups. Differences between groups were found for the Physical 
and Quality domain. Patients in the FfC group had fewer difficulties in reaching their 
food, and were less often in an uncomfortable position to eat. Food quality was rated 
significantly higher in the FfC group, with regard to the appreciation and smell of the food. 
Patients rated  FfC similar compared to TMS  in terms of meal service (7.84±1.28 
vs. 7.71±1.13; p=0.29) and food quality  (7.68±1.46 vs. 7.42±1.35; p=0.09) 
(figure 6). Subgroup analyses within the FfC group, showed no difference in rating 
between patients ≥ 70 years and < 70 years of age, and between patients with an 
oncological and a non-oncological disease (both p>0.05)
DISCUSSION
In this study, we provide evidence that FfC, a novel hospital meal service, improves dietary 
(protein, energy) intake and patient satisfaction when compared to the traditional hospital 
meal service. FfC significantly increased protein intake relative to requirements both at 
days 1 and 4, and more patients achieved the requirements set for daily protein intake. 
A mean protein intake of 0.94 g/kg at day 1 is similar to findings of another study that 
investigated the impact of an in-hospital meal service. ‘At your Request’, a meal service 
concept with a restaurant style menu card and room service, reported a mean protein 
intake of 0.92g/kg/day at medical and surgical wards (n=169).(19) Mean energy intake 
Table 2. Nutritional assessment at baseline between the two groups.
TMS
n = 326
FfC
n = 311
Body weight (kg)a 79±17 78±17
Length (m)a 1.7±0.1 1.7±0.1
BMI, kg/m2 a 27±5 26±5
BMI >27, n (%) 139 (43) 117 (38)
HGS left (kg)a 34±14 32±13
HGS right (kg) 35±14 33±14
MUST 0, n (%)* 253 (78) 217 (70)
MUST 1, n (%) 41 (13) 47 (15)
MUST ≥ 2, n (%) 32 (10) 46 (15)
a Mean±SD are shown for metric variables and median and [interquartile range] are used for non-metric 
variables.
*Statistically significant difference between groups, p<0.05
Abbreviations used: HGS: handgrip strength; MUST: Malnutrition Universal Screening Tool; TMS: traditional 
meal service; FfC: FoodforCare
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(kcal/d) was slightly lower (1630±492), compared to FfC (1729±648). These authors, 
however, used food order data as a proxy for food intake, which is much less accurate 
in determining intake and waste. In contrast to FfC, mealtime assistance was not part 
of this service. There is a body of literature that documents that mealtime assistance 
improves nutritional intake.(20, 21) In a randomized controlled trial (n=84), Munk et al. 
compared a standard hospital meal with a protein supplemented meal service at medical 
Figure 2. Mean percentage of protein intake relative to requirement ±SD at day 1 and 4.
Horizontal dashed lines represent the current recommendation for hospitalized adults.
Patients available for analysis at day 1, 326 (TMS) and 311 (FfC), and day 4, 89 (TMS) and 80 (FfC).
Statistically significant difference between groups, p<0.05
Abbreviations used: FfC: FoodforCare; TMS: traditional meal service
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Table 4. Possibly confounding factors for the primary outcome.
Day 1
TMS
(n=326)
FfC
(n=311)
Oncological disease, n (%) 65 (20) 85 (27)
MUST = 0, n (%) 253 (78) 217 (70)
Bedrest post-surgery, n (%) 62 (19) 27 (8.7)
Staying in a single room, n (%) 117 (35.9) 88 (28.3)
Eating the main meal together, n (%) 88 (27) 68 (21.9)
Eating the main meal in the living room, n (%) 39 (12) 11 (3.5)
Day 4
TMS
(n=89)
FfC
(n=80)
Bedrest post-surgery, n (%) 11 (12.8) 3 (3.7)
Eating the main meal in the living room, n (%) 12 (15) 2 (2.7)
Abbreviations used: FfC: FoodforCare; NA: not applicable; TMS: traditional meal service
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and surgical wards. The new system consisted of an a la carte menu of small easy to 
eat protein and energy enriched dishes. Mean protein intake was 0.2 g/kg/day higher in 
the supplemented service which accords to our findings.(22) FfC achieved higher energy 
intake compared to the room service and supplemented service, which is important in 
combination with adequate protein intake, for stimulation of protein synthesis and to 
sustain muscle strength and function.(23) Other studies comparing hospital meal services 
Table 5. Mean protein intake relative to requirements (1.2 g/kg/day) for the risk groups for malnutrition. 
Day 1 Day 4
TMS FfC TMS FfC
MUST 0
Mean % of met requirementsa 58.4±26 78.8±29.8* 58.7±28.5 72.7±32*
Reached 1.2g/kg BW, n (%) 16 (6.3) 48 (22.1)* 4 (6.1) 11 (21.2)*
MUST 1 
Mean % of met requirementsa 58.5±34 74.4±33.4* 56.0±24.6 55.9±23.1
Reached 1.2g/kg BW, n (%) 5 (12.2) 11 (23.4) 0 (0) 0 (0)
MUST ≥ 2 
Mean % of met requirementsa 67.1±32.7 81.4±44.5 66.0±38 88.4±58.7
Reached 1.2g/kg BW, n (%) 5 (15.6) 13 (28.3) 3 (27.3) 7 (46.7)
a values are mean±SD for normally distributed data
*Statistically significant difference between groups, p<0.05
Abbreviations used: FfC: FoodforCare; TMS: traditional meal service
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Figure 3. Mean percentage of energy intake relative to requirement ±SD at day 1 and 4.
Horizontal dashed lines represent the current recommendation for adults.
Patients available for analysis at day 1, 326 (TMS) and 311 (FfC), and day 4, 89 (TMS) and 80 (FfC).
Statistically significant difference between groups, p<0.05
Abbreviations used: FfC: FoodforCare; TMS: traditional meal service
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adapted a methodologically less robust approach: these studies are often small and 
focused on a highly specific patient population (12, 24), report food intake in grams (instead 
of protein/energy content)(25), measure intake at lunch time (instead of 24h)(26) or use 
satisfaction as the only outcome measure.(9) The non-significant decrease in percentage 
of met protein requirements at day 4  in the FoodforCare group might be due to the fact 
that more severely ill patients were included for this analysis.
Meeting the nutritional requirements in hospitalized patients is a challenge in view 
of the underlying medical condition, diagnostic procedures, or treatment that leads to 
or sustain anorexia. Our study is testament to the fact that changes in meal services are 
helpful to achieve improved protein requirements in these patients. To augment nutritional 
intake further, some recommendations based on data from our study and the literature 
can be considered. Improved food appreciation is associated with higher nutritional 
intake.(9-11) In our study we showed that patient satisfaction is maintained, in terms of 
food quality and meal service, although nutritional intake was higher in the FfC group. 
This suggests that other factors contribute to this improvement, such as presentation and 
smell of the food, but also counselling by the nutritional assistant. 
Even patients with an absent or medium risk for malnutrition have an increased 
protein need because of their disease.(19) We found that patients at high risk for 
malnutrition (MUST≥2) best met their protein requirements (81% and 88% of patients 
reached requirements at day 1 and 4). Less than half of these patients used one or more 
nutritional supplements. Patients admitted to the hospital are screened for malnutrition 
and those with a score of MUST≥2 are counseled by a dietician for individual advice on 
how to achieve adequate nutritional intake (protein, energy). In contrast, patients at 
medium risk for malnutrition worst met their protein requirements (74% and 56% of 
Figure 4. Difference in rating of meal service and food quality between groups.
Abbreviations used: FfC: FoodforCare; TMS: traditional meal service
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patients respectively at day 1 and 4). Additional advice on protein rich food choices by 
the nutritional assistants during meal time might prove effective here. 
This study comes with strengths and limitations. One of the advantages is that we 
assessed nutritional intake precisely in a sizable cohort. By measuring food weight after 
each meal, including food items brought from home or the restaurant, we were able 
to calculate the nutritional intake during the whole day very accurately. A few studies 
used visual perception and/or reported quartiles of the eaten meals to measure dietary 
intake, which obviously leads to less accurate results.(22, 27, 28). Other studies only measured 
nutritional intake during lunch time, which is inferior to 24 hours measurements.(26) During 
the study, patients and ward staff were instructed to leave all leftover to be weighted, 
which have minimized missing data, but could have influenced food intake of patients. 
The substantial cohort size and inclusion of patients with different underlying diseases, 
improves the generalizability of our results to other departments and hospital settings. 
We performed a prospective study and compared two periods in which either the TMS 
or FfC was provided. In these periods only one of the services was available which limits 
confounding by indication. Our research model was successful in creating large and 
highly similar comparable groups in terms of baseline characteristics and nutritional 
status. The differences at baseline in amount of patients with an oncological disease and 
no risk of malnutrition, did not influence the results.
Regarding patient’s food appreciation and accessibility, only a few items of 
the questionnaire improved after implementation of FfC. Importantly, our patients were 
already quite satisfied with the TMS, which is also shown by a relatively high rating of 
the meal service and the food quality. We suggest that this could partly explain the lack in 
improvement, because it is difficult to establish a difference between ‘’satisfied’’ and ‘’very 
satisfied’’ patients. It would be more likely to find a difference in satisfaction, if patients 
were their own control. A positive finding was the higher rating of smell and presentation 
in the FfC group, as the patients specifically mentioned these items as a preference for 
improvement before implementation of the service. This emphasizes the importance of 
developing a meal service with input of the patients. 
An important issue is not only whether a meal service improves dietary intake, but also 
whether such a service improves clinical outcomes. To assess this effect, however, longer-
term exposure is necessary. A systematic review and meta-analysis supports the feasibility 
of this approach and reported on the beneficial effect of protein enriched supplements 
on complication and readmission rates.(29) The duration of intervention ranged from short 
to longer term (mean of 3 months), across different care settings. Such an intervention 
requires the presence of an out-of-hospital setting given that the average duration of 
hospital stay nowadays in nearly all European countries has decreased from almost 
ten days in 2000 to eight days in 2014, and recovery mainly takes place at home.(30) 
We showed the beneficial effect of implementation of a novel in-hospital meal service 
targeting optimal protein and energy intake, and at the same time - its practical feasibility. 
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Therefore we recommend health care institutions to evaluate their current meal services 
and consider improvement by taking patients’ opinion and aspects of this service 
into account. 
Based on our results, we conclude that FfC improves protein and energy intake, 
while  maintaining, and to some extent improving, patient satisfaction, within a short 
period of hospital stay. We recommend to extend  this service to the out-of-hospital 
setting – for example the preoperative and post discharge setting - to explore the effects 
of long-term exposure to this concept on clinical outcomes. Further research should focus 
on these settings, to optimize a patient’s recovery from illnesses and interventions and 
prevent complications and/or readmissions.
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ABSTRACT
Background/Objectives
Additional strategies should be applied to optimize hospital food services, in order to 
increase the number of patients with adequate protein intake at mealtimes. Therefore, 
we aim to specify the differences in protein intake per mealtime between the traditional 3 
meals a day food service (TMS) and a novel 6 times a day food service containing protein-
rich food items, FoodforCare (FfC). 
Subjects/Methods
This was a post-hoc analysis of a prospective cohort study comparing the TMS (July 
2015- May 2016; n=326) to FfC (January 2016 - December 2016; n=311) in adult 
hospitalized patients. 
Results
Protein intake (g) was higher with FfC at all mealtimes (p<0.05) except for dinner (median 
[IQR] at breakfast: 17 [6.5-25.7] vs. 10 [3.8-17]; 10am: 3.3 [0.3-5.3] vs. 1 [0-2.2]; lunch: 
17.6 [8.4-25.8] vs. 13 [7-19.4]; 2:30pm: 5.4 [0.8-7.5] vs. 0 [0-1.8]; 7pm: 1 [0-3.5] vs. 0 
[0-1.7] ; 9pm: 0 [0-0.1] vs. 0 [0-0]). At dinner, protein intake was highest for both food 
services (20.9 g [8.4-24.1] vs. 20.5 g [10.5-27.8]). 
Conclusions
Implementation of a high frequency food service can improve protein intake at mealtimes 
during the day and might be a strategy to increase the number of patients with adequate 
protein intake.
111
4
STRA
TEG
IES TO
 IN
C
REA
SE PRO
TEIN
 IN
TA
K
E A
T M
EA
LTIM
ES
INTRODUCTION
Hospitalized patients on oral intake are dependent on the local hospital food service. 
This service plays an important role in providing enough nutrients, especially proteins, 
to support patients during their time of (recovery from) illness. The distribution of these 
proteins during the day, and the per-meal threshold amount of protein intake, seems crucial 
to achieve optimal anabolic muscle protein synthesis and thereby an increase in muscle 
mass.(1) Adequate protein intake during hospital stay could therefore been considered as 
key in the prevention and treatment of malnutrition and related consequences such as an 
increased risk for complications and a prolonged hospital stay. (2-4)
In order to maintain or improve patients’ nutritional status, protein synthesis should 
be equal or greater than protein breakdown respectively. Approximately 10 gram 
of essential amino acids (EAAs) per meal is suggested to be sufficient for a maximal 
anabolic response during the day. In order to reach this amount, 25-30 gram of normal 
quality proteins per meal or 20 gram of high quality proteins (containing a relatively 
large amount of EAAs) is necessary.(5, 6) These high-quality proteins are mostly animal 
origin-derived protein sources with a rapid digestion and absorbing capacity resulting in 
a greater muscle protein synthetic response. In an elderly population, a higher dose of 
25-30 gram of such high quality proteins per meal is recommended, because of a higher 
per meal protein threshold to promote anabolism(7, 8)  and a higher protein ingestion 
seems beneficial to support good health, promote recovery from illness and maintain 
functionality.(9) In clinical practice, the integration of protein-rich food items in hospital 
food services, with an adequate amount of EAAs, are therefore important for maximal 
stimulation of muscle protein synthesis. (10)
Recently, we performed a prospective cohort study (n=637) and compared 
FoodforCare (FfC), a novel 6 meals a day food service containing protein-rich food items, 
with a traditional 3 meals a day food service (TMS). FfC resulted in higher daily protein 
intake, when compared to TMS, and a higher percentage of patients achieved their 
individual protein requirements (23 vs. 8 percent).(11) Since we, as in other care settings, 
aim to further increase the number of patients with adequate protein intake, additional 
strategies should be applied to optimize hospital food services. For example, information 
is lacking on whether patients achieve adequate protein intake at certain mealtimes and 
which items specifically contribute to protein intake. Therefore, we decided to re-analyze 
our collected data with respect to protein intake per mealtime and the contribution of 
specific food items. 
Our primary objective was to specify the differences in protein intake per mealtime 
between the TMS and FfC, and determine whether patients achieve optimal protein 
intake at mealtimes after implementation of FfC. Secondly, we aim to identify which 
food items contribute the most to a high protein intake and which items are frequently 
consumed but low in protein.
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MATERIALS AND METHODS
Study design
This was a post-hoc analysis of a prospective cohort study that consecutively compared 
two food services; TMS (July 2015 - May 2016; n=326) and FfC (January 2016 - December 
2016; n=311). (clinicaltrials.gov: NCT03195283) All patients (n=637) were enrolled in our 
academic center in Nijmegen, The Netherlands, at the departments of Gastroenterology, 
Urology/Gynaecology and Orthopedics. At admission, Dutch speaking patients aged 
18 years or older having oral intake for at least one full day, were included. Exclusion 
criteria were tube- or parenteral feeding, not able to adequately answer our questions 
and a language barrier. The Medical Ethics Committee of the Radboudumc indicated that 
no formal approval was required for this study (2015-1805). All patients provided written 
informed consent prior to enrollment.
Meal services
Traditional meal service
Main meals were served three times a day by nutrition assistants (Table 1). Patients 
decided in the morning what they preferred for dinner from a menu. Evening meals 
were cooked in the hospital kitchen 1-2 days before serving and chilled for storage until 
being reheated and served. A small snack was provided between each main meal and 
after dinner if desired by the patient. Drinks, like coffee, tea and milk were served 6 times 
a day. After these scheduled mealtimes, patients could ask the attending nurse for food 
and drinks.
FoodforCare meal service
Meals were delivered six times a day (three main meals and three in-between meals) 
by nutritional assistants (Table 1). At the bedside, patients were offered one or more 
small protein-rich food items from a choice of three. Special attention was given to 
the meals’ presentation in the way they was prepared and served. Nutrition assistants 
advised patients in choosing the most optimal food item based on the patient’s needs 
(patients at risk for malnutrition were encouraged to order more protein-rich food items), 
patient’s diet and personal preferences (e.g. vegetarian, halal), registered in the electronic 
patient record. Evening meals were prepared in the external kitchen, transported the next 
morning and chilled for storage until being served the same evening or the day after. 
After 7:00 p.m. patients could ask the attending nurses for food and drinks. 
Individual dietary counseling  by a dietitian was executed as usual and concerning 
policies stayed the same over time.
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Protein intake per mealtime
The primary outcome for this study was defined as the protein intake (gram) per mealtime 
at the first day of full oral intake. 
Intake was measured by subtracting the weight of each food item at the end of each 
mealtime from the weight at serving time. The researcher or research assistants came 
along every mealtime to register food intake and to collect all leftovers. A dietary recall 
took place to check whether all consumed food and drinks were registered and leftovers 
were measured on a calibrated scale (KERN, PFB 6000-1M). Food items consisting of 
more than one ingredient (for example meat and vegetables) were measured separately. 
The weight of all leftovers were imported in a digital tablet (Samsung Android 5.1.1) and 
stored at NetCon B.V. (Rotterdam, The Netherlands). The weight and amount of protein 
per item at serving time was based on the recipe of the meals served by the hospital 
kitchen of Radboudumc and the external kitchen of FfC, derived from the Dutch Food 
Composition Database.(12) Subsequently, protein intake per mealtime was calculated 
based on the proportion of food eaten per mealtime. A minimum of 20 gram high 
quality proteins per meal was set as minimum requirements to be sufficient for a maximal 
anabolic response. (5, 6) In total, measurements were performed for all seven mealtimes 
during the day (Table 1).
Table 1. Provided food items per mealtime for the Traditional meal service and 
FoodforCare service.
Mealtime (hour) Traditional meal service FoodforCare
7:30 a.m. Cold dishes e.g. slices of bread with 
several fillings and bread spreads  
or yoghurt
Slices of protein rich bread with 
several bread spreads, or milk based 
products, like yoghurt or oatmeal
10:00 a.m. Small snack (not specifically protein-
rich), such as biscuit or banana
Fruit salads or protein rich  
shakes/smoothies
12:00 p.m. Cold dishes e.g. slices of bread with 
several fillings and bread spreads  
or yoghurt
Protein-rich sandwiches, salads and 
hot soups
2:30 p.m. Small snack (not specifically  
protein-rich)
Protein-rich snacks, like wraps, 
sausages and cheese
5:00 p.m. Choices for meat, rice/pasta/potatoes 
and vegetables with various portion 
sizes and a dessert such as yoghurt
Small pans consisting protein-rich 
warm meals, such as potatoes with 
vegetables and meat/fish or pasta and 
a small protein-rich dessert 
7:00 p.m. If desired by the patient: small 
snack such as fruit or a cookie (not 
specifically protein-rich)
Protein-rich snacks, like cake, 
sausages and cheese
After 7:00 p.m. Patients had to ask the attending 
nurses for food and drinks
Patients had to ask the attending 
nurses for food and drinks
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Secondary outcomes
Protein intake per food group
All ordered items at the first day of oral intake were assigned to food groups (19 categories), 
according to the Dutch food composition database.(12) Assignment of composite food 
items (for example fruit shake), in which ingredients could not have been measured 
separately, were based on the most protein dense ingredient (in this case ‘’dairy’’). 
Per food group, the number of portions per patient and the corresponding daily protein 
intake were established for both services. Food groups with the highest contribution 
to protein intake and food groups frequently consumed (> 1 portion per patient) but 
relatively low in protein were reported. 
Statistical analysis
Baseline characteristics of participants were described as mean±standard deviation 
(SD) or median and interquartile range [IQR] in case of continuous data, depending on 
the distribution, or frequencies and percentages in case of categorical data. The protein 
intake per mealtimes and the daily protein intake per food group were compared 
between food services using the independent Mann Whitney U-tests. Missing data of 
nutritional intake (overall < 3 percent) were analyzed by imputation of mean percentages 
intake at the corresponding day of the specific cohort. Initial power analysis is reported in 
previous publication. For all statistical tests, a two-tailed p-value <0.05 was considered to 
be statistically significant. All data was analyzed with the software package SPSS (version 
22, SPSS Inc. Chicago, II, USA).
RESULTS
Patient characteristics
Flowchart
A total of 637 patients (TMS: n=326; FfC: n=311) were included for analysis, as shown 
in figure 1. 
Demographics
Baseline characteristics are shown in table 2. Characteristics were comparable between 
the two food services, except for the proportion of patients with an oncological disease 
(19.9% in TMS group vs. 27.3% in the FfC group, p=0.03) and the number of patients 
with a MUST score of zero (77.6% in the TMS group vs. 70% in the FfC group, p=0.03). 
An extended baseline table was previously published.(11)
Protein intake per mealtime
Figure 2 shows the median protein intake (gram) per mealtime for both food services 
at day 1 of full oral intake. In the FfC group, protein intake was higher at all mealtimes 
(p<0.05), except at dinner. Highest protein intake was reached during the main meals in 
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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Enrollment Assessed for eligibility (n=2603)  
Excluded (n= 1896) 
• Not meeting inclusion criteria (n=1822) 
• Declined to participate (n=74) 
Traditional meal service (n=373) 
Received meal service (n=326) 
Excluded after inclusion (n=47) 
• < 1 day oral intake (n=28) 
• Withdrawn from study (n=4)  
• Other reasons (n=15) 
FoodforCare (n=334) 
Received meal service (n=311) 
Excluded after inclusions (n=23) 
• < 1 day oral intake (n=16) 
• Withdrawn from study (n=3)  
• Other reasons (n=4) 
Analysis day 1 (n=326) 
 
Analysis day 1 (n=311) 
 
Analysis 
Figure 1. Flowchart of inclusion of participants from July 2015 – December 2016.
both groups. At 9 p.m., lowest intake was achieved (0 [0-0.1]). The minimal threshold 
that is suggested to be beneficial for muscle protein synthesis (20 grams) was only met 
at dinner in both food services. The threshold was almost reached at breakfast and lunch 
(17 and 17.6 grams respectively).
Protein intake per food group 
Table 3 shows the consumed number of portions and daily protein intake per patient 
(median [IQR]) for food groups with the highest contribution to protein intake and food 
groups frequently consumed (>1 portion per patient) but relatively low in protein.  Daily 
protein intake per patient was higher in the FfC group, compared with the TMS,  for 
the following food groups: Meat and poultry and Cheese. Food items contributing to 
high protein intake were i.e. meat, chicken and pasta served with cheese at dinner, and 
also small Caesar salads, wraps, sandwiches and pieces of pizza served with cheese at 
other mealtimes. Food groups with a higher protein intake per patient in the TMS group 
were Eggs and Dairy. Examples of food items contributing to high protein intake were 
custard/yoghurt (with a fruit taste) at various mealtimes, omelet at dinner and boiled egg 
at breakfast/lunch.
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DISCUSSION
In this study, we show that FfC, a novel high frequency food service with protein-rich 
meals, improved protein intake per mealtime compared to the TMS. The minimal level that 
is suggested to be beneficial for muscle protein synthesis (20 grams) was only achieved 
at dinner in both food services. Food groups with the highest protein intake per patient 
were Meat and poultry, Dairy, Cheese and Fish for the TMS group, and Meat and poultry, 
Cheese, Bread and Fish for the FfC group. Food items frequently consumed and low in 
protein were alcoholic and non-alcoholic drinks, fats, oils and savoury sauces and sugar, 
sweets, sweet spreads and sauces.
Of note, our results show that with FfC protein intake remains highest during the main 
meals, except for dinner, despite the fact that total protein intake improves by means of 
the in-between meals. This suggests that these in-between meals do not lower the intake 
during main meals, and as such are relevant to improve overall daily protein intake. 
Another study also concluded that care settings might help to improve dietary intake by 
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Figure 2. Protein intake (median [IQR]) per mealtime for both services.
*Statistically significant difference between groups, p<0.05
Horizontal line at 20 g represents the minimal threshold that is suggested to be beneficial for 
muscle protein synthesis.(5, 21) 
Abbreviations used: FfC: FoodforCare; IQR: interquartile range; TMS: traditional meal service
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Table 2. Baseline characteristics of patients in the TMS (July 2015- May 2016) and the FfC study arm 
(January 2016-December 2016).
Variables
TMS 
n = 326
FfC
n = 311
Gender, n (%) Male 158 (49) 141 (45)
Age, yearsa 59±17 60±16
≥ 70 years, n (%) 93 (29) 92 (30)
Body weight (kg)a 79±17 78±17
BMI, kg/m2 a 27±5 26±5
MUST 0, n (%)* 253 (78) 217 (70)
MUST 1, n (%) 41 (13) 47 (15)
MUST ≥ 2, n (%) 32 (10) 46 (15)
Length of stay, daysa 5.0 [3-7] 5.0 [3-7]
Admission, n (%) Emergency 125 (38) 134 (43)
Elective 201 (62) 177 (57)
Oncological disease, n (%)* 65 (20) 85 (27)
Surgical procedure, n (%) 203 (62) 190 (61)
Ward, n (%) Gastroenterology and Hepatology 105 (32) 93 (30)
Orthopedics 111 (34) 105 (34)
Urology 72 (22) 76 (24)
Gynecology 38 (12) 37 (12)
a Mean±SD are shown for metric variables and median and [interquartile range] are used for  
non-metric variables.
*Statistically significant difference between groups, p<0.05
Abbreviations used: FfC: FoodforCare; TMS: traditional meal service
serving smaller energy and protein-rich meals more frequently.(13) The higher proportion 
of oncological patients and the lower proportion of patients with a MUST score of zero 
in the FfC group, were not considered as confounding factors for our analysis, since 
we previously confirmed that the difference in daily protein between the TMS and FfC 
service was not influenced by the differences in these patient characteristics.(11) In clinical 
setting, the use of oral nutritional supplements (ONS) high in protein might contribute 
to a high protein intake per mealtime. In our study, the number of patients using ONS 
and its contribution to protein intake was very limited in both groups (n=14 in TMS 
groups and n=8 in FfC group) and, therefore, not included in our analysis. Unfortunately, 
few other studies reported on protein intake per mealtime, all including elderly patients. 
A recent randomized controlled trial investigated the effect of adding protein enriched 
products to the standard menu of a room service concept, and concluded that protein 
intake was highest during the main meals, but protein intake remained the same with 
the in-between meals during afternoon and evening.(14) This latter finding may be due 
to the fact that in this study in-between items were only delivered on patients’ request, 
instead of proactive delivery 6 times a day, and patients might be used to eat meals 
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three times a day. These authors, however, used 25 gram of protein as a threshold to be 
beneficial for muscle protein synthesis, as they included an older population with a mean 
age of 78.5 years. Despite the fact that we included an adult population of all ages, we 
decided to use 20 gram as a threshold since the minority of the patients were ≥ 70 years 
(30 percent). For these older patients, results on protein intake per mealtime should 
be interpreted with caution since they benefit from a higher threshold. Another study 
showed that using a combination of smaller portions of increased energy and protein 
density and in-between meal snacks, increases energy intake (kcal) at lunch and supper, 
however, no difference in protein intake (g) was established at these mealtimes.(15) A study 
analyzing protein distribution in healthy community-dwelling (n=707), frail (n=194) and 
institutionalized (n=276) elderly reported highest protein intake at lunch and dinner, and 
a relatively low intake at breakfast (10±10 g vs. 8±5 g vs. 12±6 g). Therefore, increasing 
the amount of protein-containing food sources at breakfast might also be a relevant 
strategy in elderly patients in the out-of-hospital setting.(16)
Based on our analysis with regard to food groups, multiple strategies can be 
recommended to further improve (high quality) protein intake above 20 gram per 
meal.(5) Interestingly, food groups with a high protein intake per patient were mainly 
those frequently consumed, which may suggests a preference of patients, mostly for 
animal origin-derived protein sources, resulting in a relatively high contribution of EAAs. 
To further increase protein intake containing a relatively high amount of EAAs, low-
protein food groups (such as alcoholic and non-alcoholic drinks and sweet spreads) could 
be replaced by protein- and EEA-rich alternatives from those frequently consumed food 
groups, like diary, meat and poultry and cheese. Nutritional assistants can subsequently 
play a key role in guiding patients to choose this option. Patients and health care givers 
should also be made aware about the relevance of adequate protein intake and they 
should get insight in patient’s individual protein requirement and protein content per food 
item. Other health care institutions in various settings may also optimize their food service 
by critical appraisal of the quantity of food items ordered and their contribution to high 
quality protein intake and protein intake in general. For instance, the previously mentioned 
room service concept showed beneficial results on protein intake for various food groups 
by adding protein-enriched products to the menu.(14) Food groups contributing to highest 
protein intake, in some way comparable to our study, were meat, dairy and cheese in 
the control group and dairy, bread and drinks (all including protein-enriched products) in 
the intervention group. However, enrichment of products might be inferior to protein-rich 
products since the taste of the former can be unpleasant for patients. Finally, adequate 
protein intake should always be integrated with exercise to achieve an optimal anabolic 
response and maintain muscle strength and muscle mass.
Although the protein intake per mealtime improved in the FfC group, the goal of 
20 grams of high quality proteins was only reached during dinner. An important finding 
in this respect seems to be the very low protein ingestion prior to sleep. Improving 
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the ingestion of especially casein protein (dairy) at this time, is an effective strategy to 
stimulate overnight muscle protein synthesis.(17) This might especially be a challenge in 
patients with abdominal complaints, mainly those who suffer from gastro-esophageal 
reflux or delayed gastric emptying. Various explanations for this low pre-sleep intake may 
be considered which could be generalized to other care settings. For example, patients 
may not feel like eating due to fatigue and/or loss of appetite or they are simply not 
used to have meals immediately prior to sleep.(18) Logistic circumstances should also be 
considered, such as the fact that nutritional assistants are not present at wards at this 
time of the day, while the attending nurses have other patient care-related priorities at 
the start of their busy night shift. Table 4 shows our recommendations to improve protein 
intake at mealtimes.
One of the strengths of this study is that we performed 24 hours measurements on 
nutritional intake and included all ordered drinks and food items of patients, whereas 
various studies only focused on intake at lunch time and/or dinner.(15, 19)As a result, we 
were able to perform specific analyses on intake per mealtime. Analyses on food groups 
are, despite their rarity in literature, crucial to improve insight in the contribution of 
specific food items to (high quality) protein intake, and enable recommendations for 
clinical practice. Non-parametric univariate analysis for data on protein intake per 
mealtime and food groups were required. Protein intake during in-between meals was 
not normally distributed, as expected, and wide ranges of protein intake exist within 
some food groups (i.e. sugar, sweets), respectively. Future research should also focus on 
energy intake of patients, given that malnourished patients also need adequate calorie 
intake to avoid protein breakdown.(20)
Table 4. Summary of possible strategies that might increase the number of patients with optimal 
protein intake per mealtime during hospitalization.
Recommendations
Meal service Optimization of meal services, such as considering in-between meals and 
stimulating patients to order protein-rich food items.
Mealtimes Stimulate ingestion of high quality proteins at mealtimes (e.g. leucine)  and before 
sleep (casein), taking the explanations for low pre-sleep intake into account.
Food items Care settings should critically review the quantity of food items ordered and their 
contribution to protein intake.
Consider food items containing a high amount of EAA’s.
Replace food items frequently ordered but relatively low in protein by  
protein-rich alternatives.
Education Create awareness about the relevance of protein intake among patients and 
health care givers.
Give patients and health care givers insight in patient’s individual protein 
requirements and protein content per food item.
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In conclusion, protein intake was highest during the main meals and improved during 
the in-between meals after implementation of a 6 times a day hospital food service 
containing protein-rich meals. Food groups with the highest protein intake per patient 
were Meat and poultry, Dairy, Cheese and Fish for the TMS, and Meat and poultry, Cheese, 
Bread and Fish for the FfC service. Several strategies are recommended to optimize 
food services, that might increase the number of patients with adequate protein intake 
per mealtime and, ultimately, the number of patients achieving their daily individual 
protein requirements.
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ABSTRACT
Background & Aims
Malnutrition at admission is associated with complication-related readmission and 
a prolonged hospital stay. This underscores the importance of an adequate - and more 
particularly protein - intake, to prevent further deterioration and treat malnutrition during 
hospitalization. Our objective was to assess whether protein intake relative to requirements 
at the first day of full oral intake is associated with complications and hospital length of 
stay (LOS) in medical and surgical patients.
Methods
This was a post-hoc analysis of a prospective cohort study in patients on the wards of 
Gastroenterology, Orthopedics, Urology and Gynecology. Protein intake was measured 
by subtracting the weight of each dish at the end of each mealtime from the weight 
at serving time. Complications and LOS were reported using patients medical records. 
Multivariate regression models were conducted.
Results
In total, complications were observed in 92 of 637 (14.4%) patients with a median LOS 
of 5 days [3.0-7.0]. An absolute increase of 10% protein intake relative to requirements 
reduced the relative complication risk by 9.4% (OR, 0.906; 95% CI, 0.84-0.98; p<0.05). 
Also, LOS was shortened by 0.25 days for each increase of 10% in protein intake relative 
to requirements (95% CI, -0.3;-0.2; p<0.05).
Conclusions
Protein intake relative to requirements at the first day of full oral intake is  is associated with 
the risk of complications and hospital length of stay. This analysis bolsters the evidence 
for the importance of any hospital meal service that increases protein intake.
Keywords
protein intake, hospital, surgical and medical patients, length of stay, complications
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INTRODUCTION
Adequate nutritional intake is a prerequisite to maintain or improve the nutritional status 
and to support crucial body functions during illness (1-3). While many patients (up to 38%) 
are already malnourished at hospital admission, this number further increases during 
their hospital stay (4). Poor food intake and malnutrition are independent risk factors for 
complication-related readmissions, prolonged hospital stay and -hence- increase health 
care costs (5-8). 
These risk factors underscore the importance of an adequate dietary intake, and 
particularly of protein intake, to prevent and treat malnutrition during hospitalization. 
Various nutritional therapies are available in hospitals to improve dietary intake, such as, 
dietary counselling, use of oral nutritional supplements or tube feeding. In addition, there 
is increasing attention for optimization of hospital meal services as part of nutritional 
interventions. Recently, we showed evidence  that implementation of a novel hospital 
meal service, coined FoodforCare (FfC), improves protein and energy intake relative to 
requirements by serving protein-rich meals 6 times a day with proactive advice from 
nutritional assistants, when compared to the traditional 3 meals per day service (9). 
Scientifically sound evidence on the direct association between an increased or 
even adequate protein intake and clinical outcomes is limited. One study showed that 
the length of stay (LOS) for hospitalized patients eating ≤ 25% of the offered food 
was significantly higher than those eating ≥ 50% (13 vs. 11 days) (5). Another cohort 
study reported that the consumption of  ≥ 60% of protein requirements during the first 
three days of hospitalization was associated with a shorter LOS of 4.4 days in surgical 
patients (10). Unfortunately, in this respect, literature on the effect of adequate protein intake 
on complications is lacking. Given the importance of lowering the risk of complications 
and hospital LOS, there is an urgent need to provide evidence for this association in 
a more general hospital population. Therefore, the objective of the present study was to 
reanalyse the data from our previous prospective cohort study to assess whether protein 
intake relative to requirements is associated with the occurrence of complications and 
hospital LOS in medical and surgical patients (9). 
MATERIALS AND METHODS
Study design
This is a post-hoc analysis of a prospective cohort study, performed at our academic 
center in Nijmegen, The Netherlands which compared a Traditional Meal Service (TMS) 
(July 2015-May 2016) with FoodforCare (FfC) (January-December 2016) (9). The Medical 
Ethics Committee of the RadboudUMC decided that a formal approval was not required 
(2015-1805). (clinicaltrials.gov: NCT03195283)  
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Study population
Patients at the departments of Gastroenterology, Orthopedics, Urology and Gynecology 
were recruited at their day of admission. Inclusion criteria were ≥18 years of age and 
oral intake for at least one full day. Patients on tube- or parenteral feeding a language 
barrier, or who were considered to be too weak to adequately answer our questions, 
were excluded.
Primary outcome
The primary outcome of this analysis was the occurrence of complications during hospital 
stay. A complication was defined in line with the Dutch Association of Medical Specialists 
(FMS) as an unintended and undesirable event or condition during or following medical 
specialist intervention, which is so harmful to the health of the patient that change in 
medical treatment is necessary or that there is irreversible damage. Complications were 
obtained from patients’ medical records during hospital stay and coded as infectious, 
decubitus, surgical (non infectious) complications and other (e.g. cardiopulmonary).
Secondary outcome
As a secondary outcome, we assessed hospital length of stay. Length of stay refers to 
the amount of calender days (day of admission till day of discharge) that patients spend 
in the hospital, reported in patients’ medical records.
Protein intake relative to requirements 
Nutritional intake was evaluated in detail on a calibrated scale by subtracting the weight 
of each dish at the end of each mealtime from the weight at serving time. The amount 
of protein per dish at serving time was based on the recipe of the meals. Individualized 
adequate protein intake was calculated by using 1.2 gram protein per kilogram bodyweight 
(g/kg BW) per day as minimum requirement for all patients (2, 11). Protein requirements 
were corrected for patients with a BMI > 30 kg/m2. With the amount of protein consumed 
and the protein requirement of each patient, we calculated the percentage of protein 
requirements that was achieved. 
Statistical analysis
Baseline characteristics were described by mean ± standard deviation (SD) or median 
and interquartile range [IQR] in case of continuous data, depending on the distribution. 
Frequencies and percentages were described in case of dichotomous data. The occurrence 
of a complication was defined as a dichotomous variable (yes/no) and length of stay 
in days as a continuous variable. Protein intake relative to requirements was defined 
as a continuous variable. We chose to describe this variable in steps of 10% for 
a distinct interpretation of the results. Textbox 1 shows examples per variable for 
a proper interpretation.
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Multivariate logistic regression was used to assess the association of protein intake 
relative to requirements with  the occurrence of complications. Because the length of stay 
distribution was skewed, Generalized Linear Models (GLM) with an identity link function 
and Gamma distribution were applied to assess the association of protein intake relative 
to requirements with length of stay. 
We defined a set of potential confounders based on an assumed association with 
the primary and secondary outcome and a proven association with protein intake relative 
to requirements by using linear regression. The following variables were tested: age, 
MUST≥2, department, admission indication (elective vs. emergency), oncologic disease, 
surgery, infection at admission and comorbidity. Subsequently, potential confounders 
were added to the regression model one by one. Covariates with a significant impact, 
defined as a difference of >10% on the beta-coefficient, were included in the final 
model. For all statistical tests, a two-tailed p-value <0.05 was considered to be statistically 
significant. All data were analyzed with the software package SPSS (version 22, SPSS Inc. 
Chicago, II, USA). 
RESULTS
Patient characteristics
Patient selection and demographics
A total of 2603 patients were assessed for eligibility, 707 patients were included in 
the study, of which 637 were eligible for analysis. A flowchart is included in previous 
publication (9). Table 1 shows baseline characteristics of the 637 patients included in 
the analysis. The mean age of the patients was 59.3±16.6 years and 46.9% was male. 
Mean protein intake relative to requirements was 68.7±31.8%.
Outcomes
Complications
Table 2 shows that complications were observed in 92 of 637 (14.4%) patients. Protein 
intake relative to requirements at the first day of full oral intake was associated with 
Result per variable Interpretation
An absolute increase of 10% in protein intake 
relative to requirements
Mean protein intake relative to requirements 
increases from 50% to 60%
The risk of a complication relatively decreases 
with 20%
Complication risk decreases from 30% to 24% 
(30-(30*0.2))
LOS decreases with 1 day LOS decreases from 3 days to 2 days
Textbox 1. Examples of the interpretation of the results per variable.
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Table 1. Baseline characteristics of included patients.
Baseline characteristics N=637
Gender, n (%) Male 299 (46.9)
Age, years, mean±SD 59.3±16.6
Food service, n (%) Traditional meal service 326 (51.2)
FoodforCare 311 (48.8)
BMI, kg/m2, mean±SD 26.5±5.2
MUST ≥ 2, n (%) 78 (12.3)
PG-SGA stadium C, n (%) 75 (12.8)
PG-SGA activities, n(%) No limitations 227 (35.6)
Fairly normal activities 150 (23.5)
In bed or chair less than half the day 87 (13.5)
Most of the day in bed/ chair or bed ridden 121 (19.0)
Protein intake relative to 
requirements (%), mean±SD
68.7±31.8 
Admission, n (%) Emergency 259 (40.7)
Elective 378 (59.3)
Oncological disease, n (%) 150 (23.5)
Surgical procedure, n (%) 61.7 (393)
(Suspected) Infection, n (%) 121 (19.0)
Ward, n (%) Gastroenterology and Hepatology 198 (31.1)
Orthopedics 216 (33.9)
Urology 148 (23.2)
Gynecology 75 (11.8)
Primary diagnosis, n (%) Gastrointestinal 134 (21.0)
Hepatic 58 (9.1)
Urogenital 144 (22.6)
Genital 78 (12.2)
Muscoskeletal 216 (33.9)
Respiratory 2 (0.3)
Internal Medicine 3 (0.5)
Dermatological 4 (0.6)
Comorbidity, n (%) Diabetes Mellitus 72 (11.3)
Cerebrovascular 25 (3.9)
Cardiovascular 107 (16.8)
Other 213 (33.4)
Abbreviations: MUST: Malnutrition Universal Screening Tool; MUST ≥ 2: high risk of malnutrition; PG-SGA: 
Patient Generated-Subjective Global Assessment; Stadium C: patient is severely malnourished.
the risk of complications after adjusting for department as a confounding factor. When 
the percentage of protein intake relative to requirements increased by 10%, the risk of 
a complication relatively decreased with 9.4% (Table 3). Age and MUST≥2 were associated 
with protein intake relative to requirements but not included in the final model because 
the beta-coefficient did not change >10% (Supplementary table 1). 
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Hospital length of stay
Overall, patients were admitted for a median LOS of five days [3.0-7.0]. Figure 1 
shows the univariate association between protein intake relative to requirements and 
LOS. After adjusting for MUST≥2 as a confounding factor, the association between 
protein intake relative to requirements and LOS remained. Each increase of 10% in 
protein intake relative to requirements was associated with a shorter LOS of 0.25 days 
(Table 4). Department and age were associated with protein intake relative to requirements 
but not included in the final model because the beta-coefficient did not change >10% 
(Supplementary table 2). 
DISCUSSION
This study shows that in our cohort of medical and surgical patients the development of 
complications and length of hospital stay are associated with an increase in protein intake 
relative to requirements at the first day of oral intake. More specifically, an increase of 
10% in protein intake reduced the risk for complications and length of stay with 9.4% 
and 0.25 days respectively.
Our findings corroborate other studies reporting negative associations between protein 
intake and both complications and length of stay. A retrospective study from Australia 
(n=95) reported that patients with gastrointestinal cancer who achieved adequate intake 
7 days after surgery, were more likely to experience at least one complication compared to 
Table 3. Univariate and multivariate logistic regression analysis to assess the association of protein 
intake relative to requirements with the occurrence of complications.
Beta SE Wald 
 Odds ratio
 (95% CI) p-value2
Univariate model (N=637) -0.071 0.037 3.738 0.931 (0.87-1.00) 0.053
Multivariate model1 (N=637) -0.098 0.039 6.267 0.906 (0.84-0.98) 0.012
1Adjusted for department
2p<0.05 is considered statistical significant
SE: Standard Error, CI: Confidence Interval
Table 2. Number of patients per different type of complications.
Variables N=637 Most likely
Total patients with complications, n (%) 92 (14.4)
Total infectious complications, n (%) 25 (3.9) Urinary tract infection
Decubitus, n (%) 2 (0.3)
Surgical (non infectious), n (%) 26 (4.1) Wound leakage
Other, n (%) 39 (6.1)
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patients achieving adequate intake within the first 7 days (12). However, nutritional intake 
was measured in a retrospective manner, which is inferior to our prospective accurate 
measurements. Another recent prospective study (n=115) showed that an intake of ≥ 
60% of protein requirements in the first 3 days after colorectal surgery was associated 
with a shorter length of stay of 4.4 days (10).  This emphasizes the importance of adequate 
intake within the first days after surgery. 
Our study marks the relevance of adequate protein intake for a broader group of 
hospitalized patients, since it shows beneficial effects on clinical outcomes in surgical and 
medical patients. Optimal nutritional support resulting in an increased protein intake is 
therefore of crucial importance during hospital stay. In this respect, implementation of 
a novel hospital meal service is a powerful strategy. In our clinical study, we showed that 
FoodforCare meal service significantly improved protein intake relative to requirements 
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Figure 1. The negative univariate association between protein intake relative to requirements and 
length of stay. Each point indicates a patient. 
Table 4. Univariate and multivariate Generalized Linear Models (GLM) to assess the association of 
protein intake relative to requirements with hospital length of stay (LOS).
SE Wald Chi-Square LOS (95% CI) p-value2
Univariate model (N=637) 0.032 33.147 -0.185 (-0.25;-0.12) 0.000
Multivariate model1  (N=636) 0.037 44.844 -0.247 (-0.32;-0.18) 0.000
1Adjusted for MUST≤2
2p<0.05 is considered statistical significant
SE: Standard Error, LOS: Length of Stay, CI: Confidence Interval
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with 20%, when compared to the traditional meal service (9), which may suggest extra 
benefits for patients receiving the novel meal service. Concerning the post-discharge 
period, earlier discharge implies a faster mobilization and a lowered infection risk for 
patients (13). In addition, adequate nutritional support might also prevent patients from 
becoming at risk for malnutrition, which might save malnutrition-related costs (14).  
This is the first study that analyzed the association between protein intake relative 
to requirements and clinical outcomes in such a substantial cohort with patients from 
medical and surgical departments. Confounding factors which could influence this 
association such as a surgical procedure or comorbidities were taken into account. We 
thoroughly examined such factors in the statistical analysis and adjusted for them when 
necessary, to ultimately conclude that protein intake does play a role in reducing the risk 
of complications and LOS in this population. 
We made no distinction between severe and less severe complications in our analysis 
according to a validated complication classification system, such as the Clavien-Dindo 
system for surgical patients (15). Since complications were observed in only 92 of 637 
(14.4%) patients, a considerably larger sample size (or a different population in which 
more events will develop) would be required to obtain more information on the association 
at different complication severity levels. Our complication rate is possibly lowered by 
the fact that we only included complications that occurred during hospital stay and not 
those that were met within 30 days after discharge. 
Conclusions and recommendations
We provide evidence that an increase in protein intake relative to requirements at the first 
day of full oral intake is associated with a considerable decrease in complications and 
length of hospital stay. Therefore, we recommend hospitals to focus on the provision 
of an adequate protein intake for the general population and on strategies to improve 
intake by means of optimization of their meal services. This strategy might prove to be 
a highway towards improved clinical outcomes.
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Supplementary table 2. Unadjusted and adjusted General Linear Models (GLM) to assess 
potential confounders.
Beta SE Wald Chi-Square p-value
Unadjusted model -0.185 0.0322 33.147 0.000
Adjusted Department -0.199 0.0344 33.624 0.000
Adjusted MUST≥21 -0.247 0.0369 44.844 0.000
Adjusted Age -0.192 0.0314 37.265 0.000
1>10% change in beta coefficient compared to the unadjusted model 
LOS: Length of Stay; SE: Standard Error
Supplementary table 1. Unadjusted and adjusted logistic regression models to assess 
potential confounders. 
Beta SE Wald p-value Odds ratio
Unadjusted model -0.071 0.037 3.738 0.053 0.931
Adjusted Department1 -0.098 0.039 6.267 0.012 0.906
Adjusted MUST≥2 -0.071 0.037 3.758 0.053 0.931
Adjusted Age -0.076 0.037 4.129 0.042 0.927
1>10% change in beta coefficient compared to the unadjusted model
SE: Standard Error
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DEAR EDITOR,
We read the study entitled ‘’The expert’s guide to mealtime interventions – A Delphi 
method survey’’ with great interest.(1) In this study the authors explored barriers and 
enablers to implement effective mealtime interventions and developed a process 
framework to guide clinicians and researchers in this area. We would like to add some 
considerations based on our own experiences that might be valuable to complement to 
the framework.
We agree, that the “prepare and consider” phase of the framework is crucial as 
basis for the intervention. Patient opinion is another pivotal element at this stage in 
our view; they are the experts who suffer from the limitations of meal services. Hence, 
we performed several interviews with patients to determine actual barriers of our 
traditional meal service and patients’ wishes and needs regarding a novel meal service. 
Thereafter, we started pilot studies, showing that preferences differed over departments 
and patient age categories. Evidently, knowledge of such issues is crucial to optimize 
mealtime interventions.
To gain executive support from other departments and boards of directors, we 
established a project team comprising the local institutional theme leader in clinical 
nutrition, as well as experts on logistics and services, patients, dietetics and medical 
staff, a food designer, the catering industry and representatives from the department of 
Information and Communication Technology (ICT). Tasks and responsibilities were tightly 
coordinated at several levels, including assortment development, logistics, staffing, 
coaching and ICT. 
Conchin et al. presented a list of interventions to assist the development of an 
intervention (Table 1). We found that developing an intervention on a department-specific 
manner, with input from ward staff - nurses, dietetics, medical specialist etc - increased 
involvement and the success rate accordingly. Moreover, stepwise implementation per 
department seems useful to ensure adequate coordination and to gain knowledge on 
how to deal with pitfalls from previous implementation phases. 
Examples of roles and responsibilities in our hospital are as follows: the presence 
of nutritional assistants on the floor during mealtimes is indispensable because of their 
proactive role at the bedside and their knowledge on how to inform, advice, register 
and coach hospitalized patients. Obviously, this knowledge requires an intensive training 
program. Researchers from the dietetics ánd gastroenterology department guide clinical 
research to provide evidence on the effects of the intervention to further optimize our 
meal service.(2) The collaboration and interplay of dieticians and physicians is crucial to 
manage such a complex multidisciplinary interventions.
Finally, with sustainability becoming an increasingly important issue and knowing that 
food waste occurs at different levels and stages - including storage, meal preparation, 
cooking, service and plate waste - frequent evaluation of each step is required to minimize 
food waste of any mealtime service.
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Table 1. Level to target interventions
Area wide
Policy for the nutrition care of patients
Education materials and in-services
Hospital wide
Endorsement and support of nursing and medical executive of mealtime intervention concepts 
and resources (i.e. funding, equipment, staffing)
Governance and reporting by a multidisciplinary nutrition committee
Campaigns to make nutrition “everyone’s business” and changes to hospital nutrition culture
Recruitment of high level key stakeholders such as nursing executive, medical, foodservice, allied health
Staff education and training (nursing, medical, foodservice, allied health)
Clarification of roles and responsibilities for nutrition care
Protocol based nutrition interventions (i.e. routine use of HPHE diets, supplements) for high risk groups
Nutrition protocol to address meals for patients that are off the ward (i.e. procedures or surgery)
Policies and procedures regarding nutrition screening (malnutrition and need for assistance); 
nutrition assessment; nutrition care (including nutrition support/assistance for patients on oral 
diets, enteral or parenteral)
Endorsement of volunteer services at mealtimes; liaison with volunteer coordinator
Minimising non-essential mealtime interruptions and assisted mealtimes
Culture of encouraging/engaging families and carers at mealtimes; revision of visiting hours
Standardised audits for comparative purposes (i.e. MST and nutrition status audits, mealtime 
interruptions/assistance, pressure injury and falls audits, median patient intake, staff and patient 
nutrition knowledge questionnaires)
Foodservice (i.e. food quality and patient satisfaction audits; meal delivery and pick up time and 
delivery processes; HPHE diets/food fortification/oral nutrition support; choice at point of service 
meals and/or mid meals; changes to accessibility/packaging of foods and beverages; identification 
of patients that need assistance; access to food outside of hours).
Ward based
Needs assessment/identification of baseline nutrition practices and ward priorities
Facilitate local research to demonstrate association between malnutrition and outcomes and 
interventions with improvements to outcomes
Address ward culture by increasing knowledge and awareness of nutrition, food as medicine, 
focus on mealtimes
Formation of a multidisciplinary nutrition care team; identification of key stakeholders and 
mealtime champions (nursing, medical, allied health, foodservice, healthcare assistants)
Staff education and training (nursing, medical, foodservice, allied health)
Nursing task re-prioritisation (clinical versus meal tasks, meal breaks)
Use of nutrition/dietitian assistants to educate/monitor/provide basic interventions
Proactive nutrition screening, assessment, intervention (i.e. patient education, scripted 
supplements) and monitoring
Volunteer assisted mealtime projects
Encourage assisted/positive mealtime interruptions (assisted mealtimes)
Encourage the involvement of family/carers at mealtimes
Use results from audits to inform strategy/actions; action this at a ward based level depending on 
priority issues
Improved eating experiences through increasing patient involvement (i.e. breakfast groups) or 
environmental modifications (i.e. dining rooms) and socialisation
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Figure 1. original article. Framework for developing mealtime interventions(1)
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ABSTRACT
There is an urgent need for strategies to improve nutritional care before and after 
hospitalization considering the high prevalence of malnutrition at admission and discharge. 
Furthermore, increasingly short admission periods nowadays substantially limit the effect 
of any nutrition-based intervention. This notion urged us to perform a systematic review 
to evaluate which elements of home delivered meal services are effective in improving 
dietary intake, nutritional and functional status and patient satisfaction in adults at risk 
of malnutrition. We searched Pubmed, Embase and Web of Science databases for studies 
assessing dietary intake, nutritional or functional status or satisfaction for home delivered 
meal services. The quality of the studies was assessed using the Quality Criteria Checklist 
for Primary Research. Out of 126 studies meeting the search criteria, 17 studies were 
included, none of which met the criteria to be rated as being of high scientific quality. 
These studies show that various elements of home delivered meal services such as, Meals 
on Wheels, adding protein-enriched bread or snacks or providing meals and snacks for 
whole days can improve outcomes such as dietary intake and satisfaction. A distinction 
can be made between services focusing on supporting homebound older adults and 
services aiming at the optimal nutritional treatment for patients. Following the rising 
interest and importance of these interventions, there is an urgent need to optimize such 
services in order to improve nutritional care at home regarding the limited time frame 
in hospitals.
149
7
EFFEC
TIV
E ELEM
EN
TS O
F H
O
M
E D
ELIV
ERED
 M
EA
L SERV
IC
ES TO
 IM
PRO
V
E D
IETA
RY
 IN
TA
K
E
INTRODUCTION
There is an urgent need for strategies to improve nutritional care before and after 
hospitalization since the prevalence of malnutrition at admission and discharge is high (1). 
At admission, 2-38% of hospitalized patients are malnourished and the percentage of 
older patients who are malnourished at discharge is estimated at 49% (1, 2). Previous 
research has shown that malnutrition increases complication rates, prolongs length of 
stay and severely impacts healthcare resources (1, 3-5). 
There are several strategies to manage malnutrition during hospitalization, including 
nutritional counseling, optimization of meal services and provision of Oral Nutritional 
Supplements (ONS). However, since the length of hospital stay has shortened considerably 
over the years and is likely to decrease further, out-of-hospital nutritional interventions 
will become more important (6). The workload of hospitals has been shown to be increased 
when malnutrition is left untreated after discharge, mostly due to an increased risk for 
complication-related hospital readmissions (7). The implementation of more long-term 
therapeutic nutritional interventions before and after hospitalization might reduce 
readmissions but the condensed information from the literature on the effects of such 
interventions in the home setting is lacking. 
Home delivered meal services is an example of a nutritional intervention in the home 
setting developed to enhance dietary intake and contribute to the independence of 
especially older adults (8). These latter adults often suffer from reduced physical functioning 
due to chronic or acute conditions that limit daily activities like shopping and preparing 
meals (9, 10). Such services have suggested to increase nutrient intake and satisfaction 
and might decrease the risk of complications, readmissions and therefore, reduce 
costs (11, 12). While benefits are mostly seen in older individuals, age does not necessarily 
play a role when a disease or treatment is causing the inability to prepare meals or to 
reach adequate intake. Therefore, it would be interesting to gain knowledge about 
the effects of home delivered meals in a broader population than older adults such as, 
adults at risk of malnutrition. 
So far, two systematic reviews have been conducted on home delivered meal services 
that focused exclusively on older adults (8, 12). Both reviews included a collection of widely 
heterogeneous studies that focused on malnutrition as well as on obesity which further 
precluded clear evidence-based conclusions for the general hospital population. Also, 
these reviews did not provide information on the contribution of specific elements of any 
home delivered meal service on the improved outcomes. This notion urged us to perform 
a systematic review to evaluate which elements of home delivered meal services are 
effective in improving dietary intake in adults at risk of malnutrition. Secondary outcomes 
here included nutritional and functional status and satisfaction. 
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MATERIALS AND METHODS
A systematic review was conducted according to the described protocol in line 
with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (13). 
Eligibility criteria  
Studies that met the following criteria were included; (1) measurements of dietary intake, 
nutritional or functional status or satisfaction; (2) inclusion of adult patients receiving 
home delivered meals; (3) Randomized Controlled Trials and prospective cohort designs. 
Since patient satisfaction as a patient reported outcome is mostly measured at one point in 
time, cross-sectional studies were allowed for this specific outcome. We excluded studies 
that implemented a service regarding the delivery of artificial nutrition such as dietary 
supplements, ONS or (par)enteral nutrition or studies that focused on the prevention or 
treatment of obesity.
Search strategy and study selection 
In collaboration with a professional medical librarian we designed the search strategy 
for the PubMed, EMBASE and Web of Science databases and conducted the final search 
on May 1st 2017. The following Medical Subject Headings terms were used: “home 
care services”, “food services”, “meals”, “patient satisfaction”, “nutritional status”. 
Supplementary figure 1 provides an example of an electronic search of one database. 
Duplicates were removed and two investigators (V.IJ. and C.B.) independently screened 
title and abstracts. Full text articles were then reviewed to select the final studies for 
inclusion. Disagreements were resolved through consensus with a third investigator 
(M.B.). Database alerts were reviewed for additional citations until final revisions in 
September 2017. Reference lists of included articles and relevant reviews were screened 
for additional leads. 
Data extraction
The following data were extracted by two authors, and reported in a table: first author, 
year of publication, study design, age of patients, type of meal service, duration of 
the intervention period, type of control and intervention group, sample size, outcome 
measurement(s) and the way these were measured, quality of the study and results. In 
all included studies, statistical significance was described using a significance level (α) 
of 0.05. 
Quality assessment
V.IJ. and C.B. independently assessed the quality of each study included in the review. 
The Quality Criteria Checklist for Primary Research was used to this end, which is a specific 
tool for studies in the field of nutrition and dietetics (14). Briefly, this tool considers 10 
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aspects of dietary measurement and error. A positive rating (bias, generalizability, data 
collection and analysis clearly addressed), neutral rating (neither exceptional strong nor 
exceptionally weak quality) or negative rating (bias, generalizability, data collection and 
analysis not adequately addressed) was assigned to each study using the checklist rating 
scale. The term “no” was used whenever details were not provided for specific aspects 
within each validity question. Disagreements were resolved through consensus with 
a third investigator (M.B.).
Data synthesis and analysis
The primary outcome included dietary intake. To indicate the differences between 
interventions, details about specific elements like the amount and type of meals were 
reported. Secondary outcomes were nutritional and functional status and satisfaction. 
The effect on each outcome was rated as significantly positive, not significantly different 
or significantly negative. The performance of a meta-analysis was precluded by the high 
heterogeneity of interventions and outcomes. Of note, conclusions were based on studies 
that were rated as positive or neutral quality.
RESULTS
Study selection 
A total of 1790 articles were identified by our systematic search, after removing duplicates. 
Another 1664 articles were excluded after screening and the remaining 126 articles were 
evaluated in full text based on our criteria. A total of seventeen full text articles were 
included in the qualitative analysis (figure 1). 
Quality assessment
All studies met the relevance questions within The Quality Criteria Checklist for Primary 
Research, enabling completion of the validity questions. Hence, all studies were rated 
neutral. Topics that scored negative in most studies were selection bias, blinding and 
comparable groups (supplementary table 1 with overall rating included in table 1 and 2). 
Population
Older adults
In 13/17 studies, the home delivered meal service focused on older adults (>60 years). All 
studies described a meal service based on a Meals on Wheels (MOW) concept which serves 
a homebound population who have difficulty shopping or cooking due to limitations in 
mobility. MOW mostly comprises the provision of hot or frozen meals to older adults to 
help them get daily nourishment. The client can choose how many meals are delivered 
each week. However, three studies developed an alternative MOW concept for older 
adults. One RCT provided protein-enriched meals and bread for 2 weeks, one quasi-
experimental study added snacks for 12 weeks and another RCT compared two MOW 
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models during 6 months (5 hot meals/week vs. 21 meals and 14 snacks/week) (15-17). In 
addition, two studies had an observational design and participants were followed up for 
2 and 18 months (18, 19). Two quasi-experimental studies were performed for 8 weeks and 
6 months (20, 21). The remaining six studies were cross-sectional focused on the satisfaction 
of MOW recipients (22-27).
Patients
In 4/17 studies, the meal service was provided to individuals in association with 
hospitalization or medical treatment (28-31). Two studies focused on patients after discharge 
from hospital. One of these studies (quasi-experimental) delivered an enriched main 
meal and snack, 3 times a week, for 12 weeks after discharge (31). The other study (RCT) 
provided the intervention group with three meals per day for 10 days after discharge (30). 
Another RCT was performed in malnourished outpatients with lung cancer and 
the intervention group was offered energy- and protein-rich main meals and snacks for 
12 weeks, delivered three times a week (29). Lastly, a cross-sectional study focused on an 
organization providing 21 meals each week to individuals at acute nutritional risk and 
experiencing a life-threatening illness, independent of age (28).
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Duplicates removed (n=952) 
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Records removed based on 
exclusion criteria (n=1664) 
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Figure 1. PRISMA flow diagram of identified and included articles for a systematic review of 
the effect of home delivered meal services on nutritional, functional and patient reported outcomes.
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Primary outcome
Dietary intake
The quality of the studies (n=7) on dietary intake was rated as neutral. Dietary intake was 
measured as energy intake and/or specific (macro)nutrients mostly reported as kcal/day 
and grams/day, respectively. Various methods were used to measure dietary intake: 24h 
recalls (n=5) (15, 19-21, 30), dietary interviews over the past week (n=1) (29) and a 2-day food 
diary with photographs of leftovers (n=1) (17). Additional characteristics and extracted 
data can be found in supplementary table 2. Data on energy and protein intake is shown 
because of the relevance regarding malnutrition.
As shown in table 1, five out of seven studies reported a significantly improved energy 
or protein intake (15, 19-21, 30). These five studies widely differ in type of meal service and 
intervention period. For example, the study with the shortest intervention (10 days) 
offered three meals per day to older adults after discharge which is the largest number 
of meals in these studies (30). The RCT with a somewhat longer period of 2 weeks offered 
protein-enriched meals and bread to older adults (15). The other three studies found 
a positive effect on intake after 8 weeks to 12 months of MOW (19-21). The two remaining 
studies showed a tendency for increased energy intake when comparing the delivery of 
an enriched meal and snacks per day to usual care during 12 weeks, both claiming that 
the sample size was too small (17, 29). 
Secondary outcomes
Nutritional status
The quality of the studies (n=6) on nutritional status was rated as neutral. Various 
methods to define nutritional status were used across studies: change in body weight 
(n=4)(16, 17, 29, 31), skin folds (n=1)(17), fat free mass (FFM) (n=1)(17), upper arm muscle area 
(n=1)(17), upper arm and leg circumference (n=1)(17), the Mini Nutritional Assessment Short 
Form (MNA-SF) (n=2)(16, 19) and the 15-item Seniors in the Community: Risk Evaluation for 
Eating and Nutrition (SCREEN) (n=1)(18). Table 3 shows the effects on secondary outcomes. 
Three studies assessing nutritional status by validated questionnaires (MNA and 
SCREEN) found improvements over time within groups (table 2)(16, 18, 19). However, one of 
these studies compared a traditional MOW to a new MOW and no significant difference 
was found between groups (16). Four studies recorded body weight but only one study 
found a significant improvement (16, 17, 29, 31).  In that particular study, nutritional status was 
also assessed by upper leg circumference and skin folds and those increased significantly 
more in the intervention group after 12 weeks of MOW compared to the control 
group (17). However, no significant difference was found in dietary intake.
Functional outcomes
The quality of the studies (n=4) on functional outcomes was rated as neutral (table 2). 
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Functional status was measured by handgrip strength (n=3)(17, 29, 31), (Instrumental) 
Activities of Daily Living (ADL) (n=1)(16), 30 second Chair Stand Test (30s CST) (n=2)(29, 31) 
and The Eastern Cooperative Oncology Group Performance Status (ECOG) (n=1)(29).
The three studies that measured hand grip strength consisted of the same intervention 
but in different populations. Namely, the delivery of a main meal and snacks during 12 
weeks to older adults, older patients after discharge and lung cancer patients (17, 29, 31). Only 
one of these three studies, in older adults after discharge, found a significant difference 
between groups in handgrip strength (31). The two studies in patients performed the 30s 
CST and agreed on the positive effect (29, 31). No significant difference between groups 
was found in the ECOG questionnaire (29). The fourth study over 6 months did not find 
significant differences in ADL comparing the delivery of 5 meals/week with 21 meals and 
14 snacks/week (16). 
Satisfaction 
The quality of the studies (n=13) on satisfaction was rated as neutral. All data on 
satisfaction were collected cross-sectionally. Satisfaction was determined by a, mostly 
self-composed, questionnaire in eight studies (16, 21-23, 25, 26, 28, 30), by an interview in three 
studies (17, 24, 31) and two studies combined a questionnaire with interviews (15, 27).
Ten studies determined the satisfaction of MOW recipients and three studies 
were focused on patients. The majority of participants in all studies were satisfied 
with the meal services and especially with the taste, portion size and meal quality. 
The studies that evaluated the meal delivery reported that participants were generally 
satisfied but problems were encountered concerning divergent delivery times and hasty 
deliverers (16, 17, 21, 22, 24, 26, 30). Convenience was a crucial factor in the satisfaction of 
the participants because it saved them time to spend on other activities (15-17, 24, 31). 
Negative perceptions towards services concerned a repetitive menu cycle and disagreeable 
textures (22, 25-27). In addition, participants found it important to be able to choose food of 
their liking (22, 24). 
DISCUSSION 
Our aim was to evaluate which elements of home delivered meal services are effective 
in improving dietary intake, nutritional status, functional outcomes and satisfaction in 
adults. This review shows that various elements of home delivered meal services, such 
as Meals on Wheels, providing protein-enriched bread or snacks in addition to meals or 
providing meals and snacks for whole days, can improve outcomes, such as dietary intake 
and satisfaction. Furthermore, a distinction can be made between services focusing 
on supporting homebound older adults and services aiming at the optimal nutritional 
treatment for patients.
Interpretation of the results including strengths and limitations are described per 
outcome measure.
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First, studies with a high meal frequency and relatively short intervention period (10-14 
days), or the inverse (2-12 months), both reported on improved dietary intakes. Thus, it 
seems that a longer intervention period is not by any means essential in order to improve 
dietary intake. On the other hand, when the time frame is relatively short, the number of 
meals per day will likely play a role. 
Secondly, a substantial variation was observed in the methods to evaluate nutritional 
status which makes it difficult to compare any results (16-19, 31). These findings highlight 
the importance of using a standardized method across studies to allow for comparison 
of data. Recently, global consensus was reached for diagnosing malnutrition to facilitate 
the comparison of malnutrition prevalence, interventions and outcomes (32). These criteria 
might make it possible to conclude on whether nutritional status can be improved by 
a home delivered meal service. Thirdly, functional status was assessed in only four studies 
using various tools which seriously limits the conclusions based on these results. Hand grip 
strength was measured in three studies providing main meals and snacks for 12 weeks 
but only one described a beneficial effect. The two studies that performed the 30s CST 
both found a significant effect. Although these results are promising, the studies were 
small and underpowered, underscoring the need for well-designed RCTs to confirm these 
findings. Last, the participants of the included studies were generally satisfied with their 
meal service (15-17, 21, 22, 24, 26, 30, 31). It seems that food quality, taste, portion size, convenience 
and variety are important in order to achieve such a high level of satisfaction. In addition, 
it is important to realize that especially older adults can experience barriers in using any 
meal service by losing their sense of independence. Meal services should focus on such 
factors and provide older adults with knowledge about the service in order to refute 
negative stereotypes. Involving general practitioners (GP) in the implementation might 
prove another important strategy, since it has been suggested that older adults would 
be willing to use protein-enriched foods when advised by their GP (15, 33). It has to be 
noted that none of the studies in this review used a validated questionnaire to determine 
satisfaction. For future research it is important to standardize any measurement of 
satisfaction or perform qualitative research to provide insight into the patient experience.
Formulating solid conclusions based on this evidence is challenging. However, meal 
services have also been assessed in other settings like nursing homes.  A systematic review 
and meta-analysis on older adults living in nursing homes concluded that dietary intake 
was improved by meal time interventions (34). Whereby implementation of an altered meal 
service, consisting of the introducing of snacks, smaller meals and/or freedom of choice, 
showed the most convincing increase in dietary intake. Food snacks and more variety in 
food choice were factors improving nutritional status (34). These interventions and factors 
can be implemented in the home setting as well and therefore, these results provide 
suggestions for the effect that meal services in the home setting can have.
While the aim of this review was to focus on adults, the results show that participants 
in the included studies were merely older adults. On the one hand, this is caused by 
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the majority of studies based on MOW and hence, only older adults were included. 
On the other hand, studies that did not have an age criterion still found a mean age 
higher than 60. These four studies, aiming at treating malnutrition in patients, were all 
published in the last three years and follow the trend of out-of-hospital interventions. 
The limited time frame in hospitals makes it difficult to improve nutritional or functional 
outcomes. Home delivered meal service before or after hospital admittance can extend 
the intervention period for optimal feeding and relieve the workload of hospitals. This 
shows that the interest for this topic is increasing and seems to be a promising new area 
of research to improve outcomes.
A strength of this review is that we formulated recommendations for specific elements 
of a meal service and future studies. Although the GRADE system is the preferred method 
to assess the overall level of evidence per outcome across studies, heterogeneity in 
the measurement methods and in the reporting of results precluded the use of the GRADE 
approach. Instead, we used the Quality Criteria Checklist for Primary Research which is 
specifically developed for studies in the field of nutrition and dietetics. 
Conclusion
This review shows that various elements of home delivered meal services can improve 
outcomes like dietary intake and that the number of meals provided per day seems 
to play an important role when the time frame is short. It is suggested that these 
services can also improve nutritional and functional status but standardized methods 
and well-designed RCTs are required to confirm these findings. Furthermore, services 
should focus on optimizing food quality, taste, portion size, convenience and variety to 
improve the satisfaction level of participants (figure 2). Following the rising interest and 
importance of these interventions, there is an urgent need to optimize such services in 
order to improve nutritional care at home regarding the limited time frame in hospitals.
Figure 2. Textbox with recommendations for future studies based on a systematic review of  effective 
elements of home delivered meal services to improve dietary intake.
 
 
 
 
 
 
 
Figure 2. Textbox with recommendations for future studies based on a systematic review of  effective 
elements of home delivered meal services to improve dietary intake. 
-  intensive intervention period in case of short intervention period 
 
- offer 3 main meals and 3 snacks 
 
- high variety in food choice 
 
- focus on quality, taste, portion size and convenience 
  
- standardized methods to evaluate nutritional and functional status 
 
- focus on specific patient groups 
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Supplementary figure 1. Electronic search in Pubmed for a systematic review of effective elements 
of home delivered meal services to improve dietary intake. 
SUPPLEMENTARY DATA
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sa
m
pl
e.
 Ju
st
 o
ne
 2
4h
 re
ca
ll 
at
 b
as
el
in
e,
 6
 a
nd
 1
2 
m
on
th
s.
Jo
un
g,
 2
01
1
C
ro
ss
-s
ec
ti
on
al
N
eu
tr
al
ü
X
N
A
X
X
ü
X
ü
ü
ü
Ba
se
lin
e 
da
ta
 li
m
it
ed
. 
Re
sp
on
se
 r
at
e 
66
%
. 
Va
lid
at
io
n 
of
 
qu
es
ti
on
na
ire
 u
nc
le
ar
.
K
el
le
r, 
20
06
C
oh
or
t
N
eu
tr
al
 
ü
X
N
A
ü
X
ü
X
ü
ü
ü
Po
te
nt
ia
lly
 b
ia
se
d 
sa
m
pl
e.
 M
ea
su
re
m
en
ts
 d
on
e 
by
 te
le
ph
on
e.
K
re
ts
er
, 
20
03
 
RC
T
N
eu
tr
al
ü
ü
X
ü
X
ü
ü
ü
X
X
Ra
nd
om
iz
at
io
n 
po
te
nt
ia
lly
 b
ia
se
d.
 D
iff
er
en
ce
s 
be
tw
ee
n 
gr
ou
p 
ch
ar
ac
te
ri
st
ic
s.
 D
is
cu
ss
io
n 
lim
it
ed
.
Le
e,
 2
01
5
C
ro
ss
-s
ec
ti
on
al
N
eu
tr
al
ü
U
C
N
A
ü
X
ü
X
ü
ü
ü
Sa
m
pl
e 
no
t 
re
pr
es
en
ta
ti
ve
. 
A
na
ly
si
s 
so
le
ly
 f
oc
us
ed
 o
n 
tw
o 
op
en
-e
nd
ed
 q
ue
st
io
ns
. 
Le
ed
o,
 2
01
7 
RC
T
N
eu
tr
al
ü
ü
X
ü
X
ü
ü
ü
ü
ü
G
ro
up
s 
no
t 
co
m
pa
ra
bl
e 
on
 n
ut
ri
ti
on
al
 o
ut
co
m
es
. 
Ra
nd
om
iz
at
io
n 
bi
as
ed
. 
Li
nd
ha
rt
, 
20
17
 
Q
ua
si
-e
xp
er
im
en
ta
l
N
eu
tr
al
ü
ü
X
ü
X
ü
ü
X
ü
ü
Li
m
it
ed
 b
as
el
in
e 
ta
bl
e.
 O
nl
y 
ef
fe
ct
 s
iz
es
 r
ep
or
te
d.
Li
re
tt
e,
 2
00
7
C
ro
ss
-s
ec
ti
on
al
N
eu
tr
al
ü
X
N
A
X
N
A
ü
X
ü
X
ü
Re
cr
ui
tm
en
t 
po
ss
ib
ly
 b
ia
se
d.
 Q
ue
st
io
nn
ai
re
 n
ot
 v
al
id
at
ed
. 
Li
m
it
ed
 d
is
cu
ss
io
n
Pa
ja
lic
, 
20
15
 
C
ro
ss
-s
ec
ti
on
al
N
eu
tr
al
ü
X
N
A
ü
N
A
ü
X
X
ü
ü
Q
ue
st
io
nn
ai
re
 n
ot
 v
al
id
at
ed
. 
Li
m
it
ed
 d
es
cr
ip
ti
on
 o
f 
ch
ar
ac
te
ri
st
ic
s,
 t
at
is
ti
ca
l a
na
ly
si
s 
an
d 
re
su
lt
s.
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 1
. (
co
nt
in
ue
d)
St
u
d
y 
d
es
ig
n
Q
u
al
it
y 
ra
ti
n
g
V
al
id
it
y 
it
em
sb
C
o
m
m
en
ts
1
2
3
4
5
6
7
8
9
10
Ro
y,
 2
00
6 
Q
ua
si
-e
xp
er
im
en
ta
l
N
eu
tr
al
ü
ü
X
ü
X
ü
ü
ü
ü
ü
G
ro
up
s 
no
t 
co
m
pa
ra
bl
e 
on
 n
ut
ri
ti
on
al
 o
ut
co
m
es
. 
W
ils
on
, 
20
11
 
C
ro
ss
-s
ec
ti
on
al
N
eu
tr
al
ü
X
N
A
X
N
A
ü
X
ü
ü
ü
Sa
m
pl
e 
no
t 
re
pr
es
en
ta
ti
ve
. 
U
nc
le
ar
 w
hi
ch
 q
ue
st
io
nn
ai
re
 
w
as
 u
se
d.
 
W
ri
gh
t,
 2
01
5 
Pr
et
es
t-
po
st
te
st
N
eu
tr
al
ü
X
N
A
ü
X
ü
X
ü
ü
ü
Li
m
it
ed
 b
as
el
in
e 
ch
ar
ac
te
ri
st
ic
s,
 c
on
ve
ni
en
ce
 s
am
pl
e.
 
M
ea
su
re
m
en
ts
 d
on
e 
by
 t
el
ep
ho
ne
.
Zi
yl
an
, 
20
17
 
RC
T
N
eu
tr
al
ü
X
ü
ü
ü
ü
ü
ü
ü
ü
St
ud
y 
gr
ou
p 
no
t 
re
pr
es
en
ta
ti
ve
 f
or
 t
ar
ge
te
d 
po
pu
la
ti
on
. 
a  
N
A
, 
N
ot
 A
pp
lic
ab
le
; 
U
C
, 
U
nc
le
ar
b  
Va
lid
it
y 
it
em
s:
 [
1]
 r
es
ea
rc
h 
qu
es
ti
on
 s
ta
te
d;
 [
2]
 s
ub
je
ct
 s
el
ec
ti
on
 f
re
e 
fr
om
 b
ia
s;
 [
3]
 c
om
pa
ra
bl
e 
st
ud
y 
gr
ou
ps
; 
[4
] 
m
et
ho
d 
fo
r 
w
it
hd
ra
w
al
s 
de
sc
ri
be
d;
 [
5]
 b
lin
di
ng
 u
se
d;
 [
6]
 
in
te
rv
en
ti
on
s 
de
sc
ri
be
d;
 [
7]
 o
ut
co
m
es
 s
ta
te
d,
 m
ea
su
re
m
en
ts
 v
al
id
 a
nd
 r
el
ia
bl
e;
 [
8]
 a
pp
ro
pr
ia
te
 s
ta
ti
st
ic
al
 a
na
ly
si
s;
 [
9]
 a
pp
ro
pr
ia
te
 c
on
cl
us
io
ns
, 
lim
it
at
io
ns
 d
es
cr
ib
ed
; 
[1
0]
 
fu
nd
in
g 
an
d 
sp
on
so
rs
hi
p 
fr
ee
 f
ro
m
 b
ia
s.
 G
re
y 
in
di
ca
te
s 
va
lid
it
y 
it
em
s 
th
at
 m
us
t 
be
 s
at
is
fie
d 
fo
r 
a 
po
si
ti
ve
 q
ua
lit
y 
ra
ti
ng
.
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. 
C
ha
ra
ct
er
is
tic
s 
of
 i
nc
lu
de
d 
st
ud
ie
s 
fo
r 
a 
sy
st
em
at
ic
 r
ev
ie
w
 o
f 
 e
ff
ec
tiv
e 
el
em
en
ts
 o
f 
ho
m
e 
de
liv
er
ed
 m
ea
l 
se
rv
ic
es
 t
o 
im
pr
ov
e  
di
et
ar
y 
in
ta
ke
.a
A
u
th
o
r 
Y
ea
r
D
es
ig
n
Ta
rg
et
ed
 
p
o
p
u
la
ti
o
n
/
Sa
m
p
le
 s
iz
e
In
te
rv
en
ti
o
n
  
p
er
io
d
/g
ro
u
p
s
O
u
tc
o
m
es
In
st
ru
m
en
t(
s)
R
es
u
lt
s
Bu
ys
, 
20
17
 
RC
T
O
ld
er
 a
du
lt
s 
af
te
r 
di
sc
ha
rg
e 
at
 r
is
k 
of
 m
al
nu
tr
it
io
n
N
=
 2
4
10
 d
ay
s 
In
te
rv
en
ti
o
n
: 
Th
re
e 
m
ea
ls
 p
er
 d
ay
 
+
 n
ut
ri
ti
on
 e
du
ca
ti
on
.
C
o
n
tr
o
l: 
us
ua
l c
ar
e 
+
 
nu
tr
it
io
n 
ed
uc
at
io
n.
 
 ∙
En
er
gy
 in
ta
ke
 ∙
Sa
ti
sf
ac
ti
on
 ∙
24
 h
ou
r 
re
ca
lls
 (
3x
) 
 
 ∙
Q
ue
st
io
nn
ai
re
 
 ∙
Si
gn
ifi
ca
nt
ly
 h
ig
he
r 
en
er
gy
 in
ta
ke
 
in
 in
te
rv
en
ti
on
 g
ro
up
 (
15
95
±
31
2)
 
th
an
 in
 c
on
tr
ol
 g
ro
up
 (
12
35
±
45
6)
.
 ∙
Pa
rt
ic
ip
an
ts
 w
er
e 
sa
tis
fie
d 
(8
2%
 t
o 
10
0%
) w
ith
 s
ta
ff
 p
er
fo
rm
an
ce
, m
ea
l 
qu
al
ity
 a
nd
 t
he
 d
el
iv
er
y 
pr
oc
es
s.
D
en
is
se
n,
 2
01
7
Q
ua
si
-e
xp
er
im
en
ta
l
O
ld
er
 a
du
lt
s
N
=
 4
4
3 
m
on
th
s 
In
te
rv
en
ti
o
n
: M
O
W
 
+
 s
na
ck
s.
 
C
o
n
tr
o
l: 
H
ab
it
ua
l 
fo
od
 in
ta
ke
.
 ∙
D
ie
ta
ry
 in
ta
ke
 ∙
N
ut
ri
ti
on
al
 
st
at
us
 ∙
Fu
nc
ti
on
al
 
st
at
us
 ∙
Sa
ti
sf
ac
ti
on
 ∙
2-
da
y 
fo
od
 d
ia
ry
 
an
d 
ph
ot
og
ra
ph
s 
of
 
le
ft
ov
er
s.
 ∙
A
nt
hr
op
om
et
ry
 ∙
U
pp
er
 a
rm
 a
nd
 le
g 
ci
rc
um
fe
re
nc
e
 ∙
Sk
in
fo
ld
s
 ∙
Fa
t 
Fr
ee
 M
as
s
 ∙
H
an
d 
gr
ip
 s
tr
en
gt
h 
 ∙
In
te
rv
ie
w
 ∙
In
te
rv
en
tio
n 
gr
ou
p 
hi
gh
er
 e
ne
rg
y 
in
ta
ke
 (1
73
7±
35
0)
 t
ha
n 
co
nt
ro
l 
gr
ou
p 
(1
55
1±
21
2)
 b
ut
 n
ot
 
si
gn
ifi
ca
nt
. I
nt
ak
e 
of
 o
th
er
 n
ut
rie
nt
s 
al
so
 n
ot
 s
ig
ni
fic
an
tly
 d
iff
er
en
t.
 ∙
Bo
dy
 w
ei
gh
t 
in
cr
ea
se
d 
si
gn
ifi
ca
nt
ly
 
m
or
e 
 in
 t
he
 in
te
rv
en
tio
n 
gr
ou
p 
(f
ro
m
 5
7.
7±
15
.3
 t
o 
78
.9
±
15
.8
) 
th
an
 in
 t
he
 c
on
tr
ol
 g
ro
up
 (f
ro
m
 
76
.6
±
12
.4
 t
o 
77
.1
±
11
.7
). 
Si
gn
ifi
ca
nt
 
in
te
rv
en
tio
n 
ef
fe
ct
 f
or
 B
M
I, 
up
pe
r 
le
g 
ci
rc
um
fe
re
nc
e 
an
d 
FF
M
. 
3-
m
on
th
s 
po
st
 in
te
rv
en
tio
n 
on
ly
 
FF
M
 r
em
ai
ne
d 
si
gn
ifi
ca
nt
 h
ig
he
r. 
N
o 
si
gn
ifi
ca
nt
 in
te
rv
en
tio
n 
ef
fe
ct
 f
or
 
an
th
ro
po
m
et
ric
s 
an
d 
 
ha
nd
gr
ip
 s
tr
en
gt
h.
 ∙
Th
e 
m
aj
or
ity
 (9
0%
) o
f p
ar
tic
ip
an
ts
 
in
di
ca
te
d 
be
in
g 
sa
tis
fie
d 
w
ith
 th
e 
ta
st
e 
an
d 
qu
al
ity
 o
f t
he
 d
in
ne
r a
nd
 w
ith
 
th
e 
am
ou
nt
 o
f m
ea
l o
pt
io
ns
, t
he
 d
ai
ly
 
de
liv
er
y 
an
d 
po
rt
io
n 
siz
e.
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 t
ab
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 2
. (
co
nt
in
ue
d)
A
u
th
o
r 
Y
ea
r
D
es
ig
n
Ta
rg
et
ed
 
p
o
p
u
la
ti
o
n
/
Sa
m
p
le
 s
iz
e
In
te
rv
en
ti
o
n
  
p
er
io
d
/g
ro
u
p
s
O
u
tc
o
m
es
In
st
ru
m
en
t(
s)
R
es
u
lt
s
D
iM
ar
ia
, 
20
15
C
ro
ss
-s
ec
ti
on
al
M
ea
l p
ro
gr
am
 
cl
ie
nt
s 
an
d 
ot
he
r 
cl
ie
nt
s 
at
 a
cu
te
 
nu
tr
it
io
na
l r
is
k
N
=
 1
71
In
te
rv
en
ti
o
n
: 
‘M
A
N
N
A’
: W
ee
kl
y 
de
liv
er
y 
of
 2
1 
m
ea
ls
C
o
m
p
ar
is
o
n
: 
 ‘
N
SO
A
A
P’
: 
D
ai
ly
 d
el
iv
er
y 
of
  
ho
t 
m
ea
l
 ∙
Sa
ti
sf
ac
ti
on
 
 ∙
Sa
ti
sf
ac
ti
on
 s
ur
ve
y
 ∙
M
A
N
N
A
 r
ep
or
te
d 
hi
gh
er
 
sa
ti
sf
ac
ti
on
 s
co
re
s 
fo
r 
ta
st
e 
an
d 
va
ri
et
y 
of
 f
oo
d 
th
an
 N
SO
A
A
P.
 ∙
M
A
N
N
A
 w
as
 r
ep
or
te
d 
ex
ce
lle
nt
 
m
or
e 
of
te
n 
th
an
 t
he
 N
SO
A
A
P.
 
Fr
on
gi
llo
, 
20
10
C
ro
ss
-s
ec
ti
on
al
M
O
W
 r
ec
ip
ie
nt
s
N
=
 1
50
5
So
m
e 
re
ci
pi
en
ts
 
re
ce
iv
ed
 5
 h
ot
 m
ea
ls
 
on
ce
 p
er
 w
ee
kd
ay
, 
ot
he
r 
5 
fr
oz
en
 m
ea
ls
 
tw
ic
e 
pe
r 
w
ee
k.
 ∙
Sa
ti
sf
ac
ti
on
 
 ∙
Q
ue
st
io
nn
ai
re
 b
y 
te
le
ph
on
e 
 ∙
77
.1
 %
 r
ep
or
te
d 
sa
ti
sf
ac
ti
on
 w
it
h 
ta
st
e,
 v
ar
ie
ty
, 
ea
se
 o
f 
pr
ep
ar
at
io
n,
 
he
al
th
in
es
s 
an
d 
fit
 t
o 
re
lig
io
us
 a
nd
 
cu
lt
ur
al
 n
ee
ds
.
 ∙
M
or
e 
sa
ti
sfi
ed
 r
ec
ip
ie
nt
s 
w
er
e 
re
ce
iv
in
g 
ho
t 
m
ea
ls
, 
fo
od
-s
ec
ur
e,
 
w
it
ho
ut
 h
ea
ri
ng
 p
ro
bl
em
s,
 f
ra
ile
r, 
in
 b
et
te
r 
em
ot
io
na
l h
ea
lt
h,
 w
it
h 
so
ci
al
 s
up
po
rt
 a
nd
 m
or
e 
re
lig
io
us
. 
Fr
on
gi
llo
, 
20
10
Q
ua
si
-e
xp
er
im
en
ta
l
O
ld
er
 a
du
lt
s
N
=
 2
12
12
 m
on
th
s 
In
te
rv
en
ti
o
n
:
D
el
iv
er
y 
of
 h
ot
 m
ea
ls
C
o
m
p
ar
is
o
n
:
Re
ce
iv
in
g 
ot
he
r 
ho
m
e 
ca
re
 s
er
vi
ce
s 
bu
t 
 
no
t 
m
ea
ls
 ∙
D
ie
ta
ry
 in
ta
ke
 ∙
24
 h
ou
r 
re
ca
ll
 ∙
 S
ig
ni
fic
an
tl
y 
gr
ea
te
r 
ch
an
ge
 in
 
di
et
ar
y 
in
ta
ke
 in
 in
te
rv
en
ti
on
 
gr
ou
p 
th
an
 c
om
pa
ri
so
n 
gr
ou
p.
 
 ∙
D
at
a 
no
t 
av
ai
la
bl
e.
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. (
co
nt
in
ue
d)
A
u
th
o
r 
Y
ea
r
D
es
ig
n
Ta
rg
et
ed
 
p
o
p
u
la
ti
o
n
/
Sa
m
p
le
 s
iz
e
In
te
rv
en
ti
o
n
  
p
er
io
d
/g
ro
u
p
s
O
u
tc
o
m
es
In
st
ru
m
en
t(
s)
R
es
u
lt
s
Jo
un
g,
 2
01
1
C
ro
ss
-s
ec
ti
on
al
M
O
W
 r
ec
ip
ie
nt
s
N
=
 2
09
D
el
iv
er
y 
of
 h
ot
 m
ea
ls
 ∙
Sa
ti
sf
ac
ti
on
 ∙
Q
ue
st
io
nn
ai
re
 
 ∙
It
em
s 
fo
r 
m
ea
ls
 (
te
m
pe
ra
tu
re
, 
fla
vo
r 
an
d 
po
rt
io
n 
si
ze
) 
w
er
e 
ra
te
d 
lo
w
er
 t
ha
n 
se
rv
ic
e.
 
 ∙
Fo
od
 q
ua
lit
y 
an
d 
re
sp
on
si
ve
ne
ss
 
ar
e 
si
gn
ifi
ca
nt
 p
re
di
ct
or
s 
fo
r 
po
si
ti
ve
 s
at
is
fa
ct
io
n.
 W
hi
le
 
vo
lu
nt
ee
r 
is
su
es
 s
uc
h 
as
 
ap
pe
ar
an
ce
, 
ki
nd
ne
ss
 a
nd
 a
tt
it
ud
e 
ha
d 
le
ss
 in
flu
en
ce
. 
K
el
le
r, 
20
06
C
oh
or
t
O
ld
er
 a
du
lt
s
N
=
 3
67
 
18
 m
on
th
s
In
te
rv
en
ti
o
n
:
D
ai
ly
, 
w
ee
kl
y 
or
 le
ss
 
th
an
 w
ee
kl
y 
de
liv
er
y 
of
 h
ot
 m
ea
ls
C
o
m
p
ar
is
o
n
:
D
ai
ly,
 w
ee
kl
y 
or
 le
ss
 
th
an
 w
ee
kl
y 
as
si
st
an
ce
 
w
ith
 m
ea
l p
re
pa
ra
tio
n 
an
d 
sh
op
pi
ng
 ∙
N
ut
ri
ti
on
al
 
st
at
us
 
 ∙
Se
ni
or
s 
in
 
th
e 
C
om
m
un
it
y:
 
Ri
sk
 E
va
lu
at
io
n 
fo
r 
Ea
ti
ng
 a
nd
 N
ut
ri
ti
on
 
(S
C
RE
EN
)
 ∙
In
te
rv
en
ti
on
 g
ro
up
 w
as
 le
ss
 li
ke
ly
 
to
 b
e 
at
 h
ig
h 
nu
tr
it
io
na
l r
is
k.
 ∙
In
te
rv
en
ti
on
 g
ro
up
 h
ad
 
si
gn
ifi
ca
nt
ly
 h
ig
he
r 
fo
llo
w
-u
p 
sc
or
es
 t
ha
n 
th
e 
co
m
pa
ri
so
n 
gr
ou
p.
168
7
EFFEC
TIV
E ELEM
EN
TS O
F H
O
M
E D
ELIV
ERED
 M
EA
L SERV
IC
ES TO
 IM
PRO
V
E D
IETA
RY
 IN
TA
K
E
Su
p
p
le
m
en
ta
ry
 t
ab
le
 2
. (
co
nt
in
ue
d)
A
u
th
o
r 
Y
ea
r
D
es
ig
n
Ta
rg
et
ed
 
p
o
p
u
la
ti
o
n
/
Sa
m
p
le
 s
iz
e
In
te
rv
en
ti
o
n
  
p
er
io
d
/g
ro
u
p
s
O
u
tc
o
m
es
In
st
ru
m
en
t(
s)
R
es
u
lt
s
K
re
ts
er
, 
20
03
RC
T
O
ld
er
 a
du
lt
s 
N
=
 2
03
6 
m
on
th
s 
In
te
rv
en
ti
o
n
: 
W
ee
kl
y 
de
liv
er
y 
of
 3
 
m
ea
ls
 a
nd
 2
 s
na
ck
s 
pe
r 
da
y,
 7
 d
ay
s 
a 
w
ee
k.
 
C
o
n
tr
o
l: 
D
ai
ly
 d
el
iv
er
y 
of
 5
 h
ot
 
m
ea
ls
 p
er
 w
ee
k.
 ∙
N
ut
ri
ti
on
al
 
st
at
us
 
 ∙
Fu
nc
ti
on
al
 
st
at
us
 ∙
Sa
ti
sf
ac
ti
on
 ∙
Bo
dy
 w
ei
gh
t 
 ∙
M
N
A
 
 ∙
(In
st
ru
m
en
ta
l) 
A
ct
iv
it
ie
s 
of
 D
ai
ly
 
Li
vi
ng
 (
A
D
L)
 ∙
Q
ue
st
io
nn
ai
re
 
 ∙
 N
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
 in
 M
N
A
1  
be
tw
ee
n 
gr
ou
ps
. 
 ∙
N
o 
w
ei
gh
t 
di
ff
er
en
ce
s 
be
tw
ee
n 
th
e 
gr
ou
ps
.
 ∙
A
D
L 
im
pa
ir
m
en
t 
sl
ig
ht
ly
 h
ig
he
r 
in
 
m
al
no
ur
is
he
d 
in
te
rv
en
ti
on
 g
ro
up
 
bu
t 
no
t 
si
gn
ifi
ca
nt
.
 ∙
 H
ig
h 
sa
tis
fa
ct
io
n 
w
ith
 
th
e 
in
te
rv
en
tio
n 
pr
og
ra
m
 o
n 
ch
oi
ce
 
of
 m
ea
ls
, t
as
te
, w
ee
kl
y 
de
liv
er
y 
of
 m
ea
ls
, q
ua
lit
y 
an
d 
po
rt
io
n 
si
ze
. C
on
tr
ol
 g
ro
up
 e
xp
re
ss
ed
 
sa
tis
fa
ct
io
n 
w
ith
 t
he
 h
ot
 m
ea
l 
de
liv
er
ed
 e
ve
ry
 d
ay
. S
at
is
fa
ct
io
n 
w
as
 h
ig
h 
in
 b
ot
h 
gr
ou
ps
.
Le
e,
 2
01
5
C
ro
ss
-s
ec
ti
on
al
O
ld
er
 a
du
lt
s
N
=
19
9
N
A
D
el
iv
er
y 
of
 h
ot
 m
ea
ls
 ∙
Sa
ti
sf
ac
ti
on
 ∙
In
te
rv
ie
w
s
 ∙
Be
ne
fit
s 
na
m
ed
: 
fo
od
 s
ec
ur
it
y,
 
nu
tr
it
io
na
l b
al
an
ce
, 
co
nv
en
ie
nt
 
liv
in
g,
 e
m
ot
io
na
l w
el
l-
be
in
g,
 s
oc
ia
l 
co
nt
ac
t,
 e
as
ie
r 
ca
re
gi
vi
ng
 a
nd
 
sa
fe
ty
. 
N
ee
d 
fo
r 
in
cr
ea
si
ng
 q
ua
lit
y 
of
 m
ea
ls
 a
nd
 s
er
vi
ce
s.
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. (
co
nt
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d)
A
u
th
o
r 
Y
ea
r
D
es
ig
n
Ta
rg
et
ed
 
p
o
p
u
la
ti
o
n
/
Sa
m
p
le
 s
iz
e
In
te
rv
en
ti
o
n
  
p
er
io
d
/g
ro
u
p
s
O
u
tc
o
m
es
In
st
ru
m
en
t(
s)
R
es
u
lt
s
Le
ed
o,
 2
01
7
RC
T
M
al
no
ur
is
he
d 
lu
ng
 c
an
ce
r 
pa
ti
en
ts
.
N
=
 4
0
12
 w
ee
ks
 
In
te
rv
en
ti
o
n
: H
ot
 
m
ea
ls
 a
nd
 s
m
al
l 
sn
ac
ks
 (
or
de
re
d 
ad
 
lib
it
um
 e
ac
h 
da
y)
, 
de
liv
er
ed
 3
 t
im
es
  
pe
r 
w
ee
k.
C
o
n
tr
o
l: 
 
H
ab
it
ua
l d
ie
t.
 ∙
En
er
gy
 +
 
pr
ot
ei
n 
in
ta
ke
 ∙
Bo
dy
 w
ei
gh
t
 ∙
Fu
nc
ti
on
al
 s
co
re
 ∙
Pe
rf
or
m
an
ce
 
st
at
us
 ∙
M
us
cl
e 
st
re
ng
th
 
 ∙
D
ie
ta
ry
 in
te
rv
ie
w
 o
ve
r 
pa
st
 w
ee
k
 ∙
St
an
da
rd
 w
ei
gh
in
g 
sc
al
e
 ∙
EC
O
G
 ∙
H
an
d 
gr
ip
 s
tr
en
gt
h
 ∙
30
s 
C
ST
 ∙
N
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
s 
in
 
en
er
gy
 a
nd
 p
ro
te
in
 in
ta
ke
, 
bo
dy
 
w
ei
gh
t,
 f
un
ct
io
na
l s
co
re
, 
ha
nd
 g
ri
p 
st
re
ng
th
 o
r 
be
tw
ee
n 
gr
ou
ps
.
 ∙
Si
gn
ifi
ca
nt
ly
 h
ig
he
r 
30
s 
C
ST
 a
nd
 
pe
rf
or
m
an
ce
 s
co
re
 in
 in
te
rv
en
ti
on
 
gr
ou
p 
vs
 c
on
tr
ol
 g
ro
up
 a
ft
er
 1
2 
w
ee
ks
 (
4.
4 
(0
.3
; 
8.
4)
; 
p=
0.
01
).
Li
nd
ha
rd
t,
 2
01
7
Q
ua
si
-e
xp
er
im
en
ta
l
O
ld
er
 p
at
ie
nt
s 
af
te
r 
di
sc
ha
rg
e 
at
 
nu
tr
it
io
na
l r
is
k.
N
=
 3
6
12
 w
ee
ks
 
In
te
rv
en
ti
o
n
:
3 
ti
m
es
 p
er
 w
ee
k 
de
liv
er
y 
of
 h
ot
 m
ea
l 
an
d 
sn
ac
ks
 C
o
n
tr
o
l: 
U
su
al
 c
ar
e
 ∙
BM
I
 ∙
M
us
cl
e 
st
re
ng
th
 ∙
Fu
nc
ti
on
al
 
st
at
us
 ∙
Sa
ti
sf
ac
ti
on
 ∙
Bo
dy
 w
ei
gh
t
 ∙
H
an
d 
gr
ip
 s
tr
en
gt
h
 ∙
30
s 
C
ST
 ∙
In
te
rv
ie
w
s
 ∙
La
ck
 o
f 
ef
fe
ct
 o
n 
BM
I o
r 
w
ei
gh
t.
 ∙
In
te
rv
en
tio
n 
gr
ou
p 
im
pr
ov
ed
 m
or
e 
in
 
ha
nd
 g
rip
 s
tr
en
gt
h 
th
an
 t
he
 c
on
tr
ol
 
gr
ou
p 
(2
.5
 k
g 
vs
. 0
.9
 k
g)
.
 ∙
In
 s
pi
te
 o
f 
lo
w
er
 b
as
el
in
e 
C
ST
 
sc
or
es
 in
 t
he
 in
te
rv
en
ti
on
 g
ro
up
, 
at
 1
2 
w
ee
ks
 t
he
 c
on
tr
ol
 g
ro
up
 
de
te
ri
or
at
ed
 w
hi
le
 t
he
 in
te
rv
en
ti
on
 
gr
ou
p 
im
pr
ov
ed
.
 ∙
Pa
rt
ic
ip
an
ts
 f
ou
nd
 m
ea
ls
 d
el
ic
io
us
 
an
d 
re
po
rt
ed
 in
cr
ea
se
s 
in
 a
pp
et
it
e,
 
in
ta
ke
 a
nd
 p
er
ce
iv
ed
 e
ne
rg
y 
le
ve
l.
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u
th
o
r 
Y
ea
r
D
es
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n
Ta
rg
et
ed
 
p
o
p
u
la
ti
o
n
/
Sa
m
p
le
 s
iz
e
In
te
rv
en
ti
o
n
  
p
er
io
d
/g
ro
u
p
s
O
u
tc
o
m
es
In
st
ru
m
en
t(
s)
R
es
u
lt
s
Li
re
tt
e,
 2
00
7
C
ro
ss
-s
ec
ti
on
al
M
O
W
 r
ec
ip
ie
nt
s
N
=
 1
40
N
A
D
el
iv
er
y 
of
 h
ot
 m
ea
ls
 ∙
Sa
ti
sf
ac
ti
on
 ∙
Q
ue
st
io
nn
ai
re
 ∙
72
%
 t
o 
88
%
 w
as
 s
at
is
fie
d 
w
it
h 
th
e 
ta
st
e,
 t
ex
tu
re
, 
va
lu
e,
 v
ar
ie
ty
, 
an
d 
po
rt
io
n 
si
ze
 o
f 
th
ei
r 
m
ea
ls
. 
 ∙
Th
ey
 fi
nd
 f
oo
ds
 a
pp
ea
lin
g 
an
d 
en
jo
ya
bl
e,
 s
at
is
fie
d 
w
it
h 
th
e 
se
rv
in
g 
si
ze
 a
nd
 t
em
pe
ra
tu
re
 
of
 t
he
 m
ea
l.
 ∙
G
re
at
es
t 
co
nc
er
n:
 o
ve
rc
oo
ke
d 
to
ug
h 
or
 d
ry
 f
oo
ds
.
Pa
ja
lic
, 
20
15
C
ro
ss
-s
ec
ti
on
al
M
O
W
 r
ec
ip
ie
nt
s
N
=
 2
74
N
A
D
el
iv
er
y 
of
 h
ot
 m
ea
ls
 
 ∙
Sa
ti
sf
ac
ti
on
 ∙
Q
ue
st
io
nn
ai
re
 ∙
Sa
ti
sf
ac
ti
on
 w
it
h 
th
e 
si
ze
 o
f 
th
e 
po
rt
io
ns
 a
nd
 d
el
iv
er
y 
ti
m
e.
 ∙
Th
os
e 
us
in
g 
th
e 
se
rv
ic
e 
fo
r 
lo
ng
er
 
ti
m
e 
w
er
e 
no
t 
sa
ti
sfi
ed
 w
it
h 
th
e 
al
te
rn
at
iv
e 
di
sh
es
 t
he
y 
w
er
e 
be
en
 o
ff
er
ed
.
 ∙
Th
os
e 
re
ce
iv
in
g 
sp
ec
ia
l f
oo
d 
w
er
e 
in
 g
en
er
al
 u
ns
at
is
fie
d 
w
it
h 
th
e 
m
ea
ls
 d
el
iv
er
ed
. 
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p
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s
Ro
y,
 2
00
6
Q
ua
si
-e
xp
er
im
en
ta
l
M
O
W
 u
se
rs
  
vs
. 
no
n-
us
er
s.
N
=
 5
1
8 
w
ee
ks
.
In
te
rv
en
ti
o
n
: 
W
ee
kl
y 
de
liv
er
y 
of
 
2-
5 
ho
t 
m
ea
ls
 
C
o
n
tr
o
l: 
N
on
-u
se
rs
 ∙
En
er
gy
+
pr
ot
ei
n 
in
ta
ke
 ∙
Sa
ti
sf
ac
ti
on
 ∙
24
 h
ou
r 
re
ca
lls
 (
5x
) 
 ∙
Th
e 
M
ea
ls
 o
n 
W
he
el
s 
U
ti
liz
at
io
n 
 ∙
an
d 
Sa
ti
sf
ac
ti
on
 
Q
ue
st
io
nn
ai
re
 
 ∙
In
te
rv
en
ti
on
 g
ro
up
 s
ig
ni
fic
an
tl
y 
in
cr
ea
se
d 
en
er
gy
 in
ta
ke
 (
12
1 
kc
al
) 
an
d 
pr
ot
ei
n 
(7
.4
 g
) 
w
hi
le
 in
 
th
e 
co
nt
ro
l g
ro
up
 a
 d
ec
re
as
e 
w
as
 
ob
se
rv
ed
 in
 e
ne
rg
y 
(-
21
 k
ca
l) 
an
d 
pr
ot
ei
n 
(-
0.
7g
).
 ∙
75
%
 w
as
 s
at
is
fie
d 
w
ith
 m
ea
l q
ua
lit
y,
 
tim
e 
of
 d
el
iv
er
y,
 v
ar
ie
ty
, c
ho
ic
e 
an
d 
te
m
pe
ra
tu
re
. 9
5%
 w
ou
ld
 r
ec
ei
ve
 
M
O
W
 o
n 
a 
lo
ng
er
 b
as
is
.
W
ils
on
, 
20
11
C
ro
ss
-s
ec
ti
on
al
O
ld
er
 a
du
lt
s
N
=
61
N
A
1
D
el
iv
er
y 
of
 h
ot
 m
ea
ls
 ∙
Sa
ti
sf
ac
ti
on
 ∙
Q
ue
st
io
nn
ai
re
 ∙
Fo
cu
s 
gr
ou
ps
 ∙
Po
si
ti
ve
 p
er
ce
pt
io
ns
: 
so
ci
al
 c
on
ta
ct
 
w
it
h 
de
liv
er
y 
an
d 
hi
gh
 n
ut
ri
ti
on
al
 
va
lu
e.
 N
eg
at
iv
e:
 t
he
 r
ep
et
it
iv
e 
m
en
u 
cy
cl
e 
an
d 
si
m
ila
ri
ty
 t
o 
un
at
tr
ac
ti
ve
 h
os
pi
ta
l m
ea
ls
. 
 ∙
M
ai
n 
ba
rr
ie
rs
: 
la
ck
 o
f 
kn
ow
le
dg
e,
 
em
ba
rr
as
sm
en
t 
an
d 
lo
ss
  
of
 in
de
pe
nd
en
ce
.
W
ri
gh
t,
 2
01
5
Pr
et
es
t-
po
st
te
st
O
ld
er
 a
du
lt
s
N
=
 5
1
2 
m
on
th
s
D
el
iv
er
y 
of
 h
ot
 m
ea
ls
 ∙
En
er
gy
+
pr
ot
ei
n 
in
ta
ke
 ∙
N
ut
ri
ti
on
al
 
st
at
us
 ∙
24
 h
ou
r 
re
ca
ll 
(2
x)
 ∙
M
N
A
 
 ∙
Si
gn
ifi
ca
nt
 in
cr
ea
se
 in
 d
ie
ta
ry
 in
ta
ke
 
fr
om
 1
26
4±
40
8 
to
 1
62
0±
40
4 
kc
al
 
(p
<
0.
00
05
) a
nd
 f
ro
m
 5
4±
22
 t
o 
74
±
22
g 
(p
<
0.
00
05
) p
ro
te
in
. 
 ∙
in
 5
1%
 n
ut
ri
ti
on
al
 s
ta
tu
s 
si
gn
ifi
ca
nt
ly
 im
pr
ov
ed
 p
os
tp
ro
gr
am
 
co
m
pa
re
d 
to
 p
re
pr
og
ra
m
 
(p
<
0.
00
05
).
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p
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7
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T
O
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s.
N
=
 4
2
2 
w
ee
ks
 
In
te
rv
en
ti
o
n
:  
5 
pr
ot
ei
n 
en
ri
ch
ed
 
re
ad
ym
ad
e 
m
ea
ls
 
+
 p
ro
te
in
 e
nr
ic
he
d 
br
ea
d.
 
C
o
n
tr
o
l:
 r
eg
ul
ar
 e
qu
iv
al
en
t 
m
ea
ls
 a
nd
 b
re
ad
 
 ∙
En
er
gy
+
pr
ot
ei
n 
in
ta
ke
 
 ∙
Sa
ti
sf
ac
ti
on
 ∙
-2
4 
ho
ur
 r
ec
al
ls
 (
5x
)
 ∙
Q
ue
st
io
nn
ai
re
s 
 ∙
In
te
rv
ie
w
s
 ∙
N
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
 in
 e
ne
rg
y 
in
ta
ke
 b
et
w
ee
n 
gr
ou
ps
. P
ro
te
in
 
in
ta
ke
 in
 t
he
 in
te
rv
en
tio
n 
gr
ou
p 
w
as
 
si
gn
ifi
ca
nt
ly
 h
ig
he
r 
af
te
r 
2 
w
ee
ks
 
(8
7.
7±
3.
4 
vs
 7
3.
1±
3.
6 
g;
 p
=
0.
00
4)
.  
 ∙
N
o 
sig
ni
fic
an
t d
iff
er
en
ce
 in
 g
ra
de
s 
fo
r 
br
ea
d 
an
d 
m
ea
ls.
 In
-d
ep
th
 in
te
rv
ie
w
s 
in
di
ca
te
d 
hi
gh
 a
cc
ep
ta
bi
lit
y 
of
 
th
e 
en
ric
he
d 
pr
od
uc
ts
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 C
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e;
 H
RQ
oL
, 
H
ea
lt
h 
re
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M
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A
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at
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ABSTRACT
Background
Preoperative nutritional state is closely related to perioperative morbidity and complications. 
This study aims to determine the effect of a protein-rich meal service in the preoperative 
setting compared to usual care.
Methods
Randomized controlled trial will include 121 patients undergoing pancreas, liver, 
orthopaedic, gynaecological or urological surgery or Hyperthermic Intraperioneal 
Chemotherapy (HIPEC). Patients in the intervention group, will receive three weeks before 
surgery a protein-rich meals, the control group will continue their usual diet. Primary 
outcome is the protein intake relative to requirements. Secondary outcomes include 
functional and clinical outcomes. 
Discussion
This is the first study in the preoperative setting investigating a home delivered meal 
service that encompasses all mealtimes, except breakfast. Intake of these protein-rich 
meals before surgery is expected to improve protein intake and functional capacity, and 
hence may lower postoperative complications and reduce length of stay.
Keywords
preoperative, protein-rich, functional outcomes, complications, surgery
Trial registration
NCT03488511. Registered  5 April 2018 – Retrospectively registered, https://clinicaltrials.
gov/ct2/show/NCT03488511
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INTRODUCTION AND RATIONALE
Malnutrition is observed in 40 percent of patients admitted to the hospital.(1) Because 
of muscle weakness and lowered muscle mass, malnourished surgical patients have 
higher rates of postoperative complications.(2, 3) These malnutrition-related complications 
have a major impact on hospital resources and healthcare costs.(4) Therefore, nutritional 
support is a crucial intervention during hospital stay but also in the preoperative setting 
to improve the nutritional status of patients undergoing surgery and reduce muscle 
weakness and loss. 
In the hospital setting, various preventive and therapeutic approaches are used to 
optimize the nutritional status of hospitalized (surgical) patients.(5, 6) The first step is an 
accurate screening for the risk of malnutrition in any patient to identify the malnourished 
patient; as a result screening has become an integral part of care in all patients admitted 
to the hospital in The Netherlands. Surgical patients are screened preoperatively at 
the outpatient clinic. In case of a considerable risk for malnutrition, patients will consult 
a dietician to optimize their nutritional support. Dietary advice with or without oral 
nutritional supplements (ONS), or use of ONS replacing a normal diet has proven its 
clinical relevance.(7, 8) High protein ONS can result in a reduction of complications and 
readmission rates.(9) Some of these strategies are in line with the Enhanced Recovery After 
Surgery (ERAS) program, which focuses on adequate nutrition, early mobilization and 
multimodal pain relief to ameliorate the response to surgery. ERAS does focus on various 
nutrition-specific aspects such as preoperative nutrition risk screening and carbohydrate 
loading, early feeding of normal food and inclusion of ONS prior to operation.(10) To 
reduce the high prevalence of malnutrition at admission in surgical patients, additional 
preventive and therapeutic approaches should be applied in the preoperative setting.
An oral nutrition program in the home setting could be a strategy to improve protein 
intake and as a result the nutritional status before surgery. An innovative hospital food 
service, FoodforCare (FfC), has recently been developed and implemented in the Radboud 
university medical center in Nijmegen, The Netherlands, a 900 bed tertiary referral center. 
This service consists of small protein-rich meals served six times a day. The primary 
idea behind this concept was that improvement of appetite will contribute to patients’ 
wellbeing and improvement of nutritional intake. Accordingly, research shows that FfC 
improves protein and energy intake relative to requirements, compared to the traditional 
3 meals a day service.(11) Extension of the study period to the pre-operative out-of-
hospital setting might, therefore, have beneficial effects on nutritional, functional and 
clinical outcomes. 
In this study, we aim to evaluate whether home delivered protein-rich meals, as 
part of FfC meal service, in the preoperative setting improves protein intake in patients 
undergoing surgery, compared to usual care. Our second aim is to investigate the effects 
on functional and clinical outcomes.
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METHODS
Study objectives
Primary objective
To assess whether three weeks of home delivered protein-rich meals, as part of FfC meal 
service, in the preoperative setting improves the mean percentage of protein intake relative 
to requirements in patients undergoing pancreas, liver, orthopaedic, gynaecological or 
urological surgery or Hyperthermic Intraperioneal Chemotherapy (HIPEC), compared to 
usual care. 
Secondary objectives
To investigate whether protein-rich meals of FfC in the preoperative setting during 3 
weeks improve:
1. Nutritional status and functionality: Body Mass Index (BMI), Patient Generated 
Subjective Global Assessment (PG-SGA), Short Physical Performance Battery (SPPB), 
Handgrip strength (HGS)
2. Energy intake relative to individual requirements
3. Length of stay, number of readmissions and postoperative complications
4. Quality of life: 36-item Short Form Health Survey (SF-36)
5. Satisfaction of patients regarding food quality (and service when FfC): questionnaires
Study design and setting
This study is a randomized controlled superiority trial (RCT) conducted at the Radboud 
University Medical Center. Given the nature of the intervention it is not possible to 
blind participants and investigators during data collection, however, the coordinating 
researcher (VIJ) will be blinded during data analysis. This study will be directed according 
to the principles of the World Medical Association Declaration of Helsinki (64th WMA 
General Assembly, October 2013). 
Study population
The study population consists of Dutch speaking adult patients undergoing surgery 
(surgical oncology, orthopaedic, gynaecological, urological) with preoperative oral intake, 
living within a radius of 40 kilometers from the Radboudumc or Veghel, the Netherlands. 
Patients are excluded if they are on tube- or parenteral feeding, patients with renal 
insufficiency (MDRD-GFR < 60ml/min and/or proteinuria), patients who are expected to 
be unable to be part of the study during the whole three week study period. 
Sample size calculation
The sample size calculation is based on the difference in protein intake relative to 
requirements between patients receiving FfC and patients on usual care, the primary 
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outcome of this study. According to data of surgical patients from our previous study, we 
hypothesize that we are able to detect a relevant change of at least 18.7% in favor of 
FfC.(3) Based on power analysis, we estimate that 106 patients are needed (using a power 
of 80%, an alpha of 0.05 and a standard deviation (SD) of 33). 133 patients (106/0.8) 
should be included, assuming a drop-out rate of 20%. In order to improve the power 
significantly, we will make use of the ANCOVA test. By multiplying the number of patient 
with (1-(ρ²)) a total of 121 patients, 61 patients per arm, will be needed. The correlation 
between the baseline and end of treatment (ρ) is estimated at 0.3, also because of 
the heterogeneity of the substantiated studies.(12)
Recruitment
The researcher will conduct the initial screening for inclusion based on the planned surgical 
procedure and the operation schedules. The medical attending staff provided permission 
to screen these schedules and to approach eligible patients. Patients will be approached 
by the researcher and will be asked for permission to receive study information. Upon 
approval, patients will be informed personally and in detail about the study, written 
and in word, including the voluntary nature of their participation. Patients can decline 
to participate at any time. After a minimum of 24 hours the researcher will contact 
the patient by phone and confirm participation in the study. After approval the informed 
consent form will be signed by the patient and send to the researcher, who will register 
the patient. 
Randomization and blinding
The researcher will randomize the patient by means of a password-protected randomization 
service that is part of the clinical data management system ‘’Castor’’. Participants will be 
randomized in the intervention or the control group, using block randomization, stratified 
for specialism and risk for malnutrition using the MUST (malnutrition Universal Screening 
Tool) score. Patients with a MUST score of ≥ 1 or ≥ 2 will be evaluated of having a moderate 
or severe risk for malnutrition respectively. Blinding is not possible for the (coordinating) 
researcher, since one group will receive FfC and the other group will receive no additional 
products. Patients will be made aware of their group allocation. Any important protocol 
modifications will be communicated with the Medical Ethics Committee.
Intervention
Participants will receive the FfC service in the preoperative setting for 3 weeks, which 
consists of five small protein- and energy-rich meals per day. Breakfast is not included 
and will be prepared by patients themselves. After an individual intake, the composition 
of the meals will be tailored to the needs of the patient in terms of meal consistency, 
diet and portion size, based on a 4 week cycled meal service. Patients will also receive an 
information leaflet about their individual protein requirement, the importance of protein 
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intake before surgery and how to reach their protein requirements. The prepared meals 
will be delivered twice a week meeting the highest standards of nutrition and quality 
and will be served according to the regular hygienic and food safety criteria that are 
valid. The composition of the meals are developed with the aim to enable maintenance 
and if possible improvement of the nutritional status of the patient. The overall aim is, 
therefore, to stimulate protein intake as much as possible with a protein intake of at least 
1.2 gram per kilogram bodyweight per day (g/kg BW/d), based on Dutch and European 
guidelines.(13, 14) On average, this is equivalent to an intake of 90-96 grams of protein 
per person per day (assuming an average weight of 75-80 kg). Protein intake of 20-25 
grams per meal should ensure optimal postprandial muscle protein synthesis.(15) This and 
other information on the protein content of FfC products will be dispersed to patients to 
stimulate them to make decisions that contribute to their protein requirements. Patients 
can report their nutritional intake, and thereby their protein intake, during the day. In this 
way, they can monitor if they have reached their daily protein requirements.
Usual care
Participants randomized to the control group will continue their usual diet in 
the preoperative setting for 3 weeks. They have no restrictions to their diet and there 
will be no information leaflet about the importance of protein intake before surgery. 
In case individual dietary counselling is required, dieticians will be notified about study 
participation. Nutritional support will be given to both groups as usual: patients with 
a MUST score of 1 receive a leaflet including information about the importance of protein 
intake (in relation to complications); patients with a MUST score ≥ 2 receive dietary 
counselling including advises to meet nutritional requirements.
Outcome measures
A flowchart of the study design is presented in figure 1 and an overview of the measurements 
(T1-3) can be found in figure 2.
Primary outcome
Primary outcome is the mean percentage of protein intake relative to requirements at 
the end of the intervention (T2) between patients receiving FfC and patients on usual 
care (figure 1). Protein intake will be evaluated based on a 3-day food diary (two week 
days and one weekend day) filled in by the patient. Type of food, time of intake, and 
estimated portion sizes were reported. The food diary will be cross checked by a member 
of the research team during the study visit.(16) The food items will be coded and calculated 
according to the Dutch Food Composition Table (NEVO, RIVM). Protein requirements were 
set at a minimum of 1.2 g/kg BW/d for all patients, since an intake of 1.2-1.5 g/kg BW is 
considered optimal for chronically ill patients.(14) 
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Figure 2. Measurements at each time point.
Figure 1. Study design. Study design of the FoodB4Surgery study including measurements at 
different time points (T1: baseline; T2: end of intervention; T3: 30 days postoperative).
Secondary outcome
Physical performance
Change in physical performance will be evaluated with the Short Physical Performance 
Battery that compromises three components, i.e., standing balance, gait speed and 
chair stands.(17) Summary SPPB score ranges from 0 (unable to perform a test) to 12. 
Measurements will be performed at T1 and T2 (figure 2).
STUDY PERIOD
Baseline
End of treatment
(± 3 days)
30 days post-
operative
T1 T2 T3
Protein intake relative to requirements X X
PG-SGA X X
BMI X X
SPPB X X
Handgrip strength X X
Energy intake relative to requirements X X
Clinical outcomes X
Satisfaction X
SF-36 X X
MUST X X
Adverse events and potential confounders X X X
Days
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Functionality
Change in HGS will be measured with the JAMAR meter on a standardized manner.(18) 
HGS is a valid non-invasive method to measure muscle functionality and serves as 
a predictor for the overall muscle strength and change in nutritional status of patients.(19) 
Measurements will be performed at T1 and T2 (figure 2).
Nutritional status
Change in nutritional status will be measured with the PG-SGA and the BMI (figure 2).(20) 
The PG-SGA is a validated instrument to assess and monitor malnutrition, consisting both 
patient-reported (PG-SGA SF) and professional-reported (PG-SGA pro) items, with a total 
score ranging from 0 (not malnourished) to 52 (severely malnourished). Body weight will 
be measured on a calibrated weighting scale (seca 877) in sober state. Relative weight 
change will be presented as the percent weight change relative to the weight at baseline. 
Length will be asked to the patient to calculate Body Mass Index. Measurements will be 
performed at T1 and T2 (figure 2).
Energy intake relative to requirements
Energy intake will be evaluated in the same way as the primary outcome using 
a 3 day food diary. Individual requirements will be calculated with the Harris Benedict 
equation (+20%).
Patient satisfaction 
 ∙ Both groups will fill in a questionnaire with questions about their wellbeing and stress 
level regarding shopping and cooking of their meals. 
 ∙ In the intervention group, additional questions will assess patient satisfaction at time 
point 2. 
 › The validated Net Promoter Score (NPS) is determined by asking the question: ‘How 
likely is it that you would recommend FfC to a friend or colleague?’. The score 
ranges from 1-10 and patients can be grouped in ‘promoters’ (9-10 grading), 
‘passively satisfied’ (7-8 grading) and ‘criticasters’ (0-6 grading). The NPS is finally 
Table 1. Monitor plan
Monitor Frequency Once halfway the inclusion
Patient flow Inclusion rate and drop-out percentage
Trial Master File/Investigator File Presence and completeness of research file
Informed Consent 100%
In-/exclusion criteria First 3 subjects, thereafter 10%
Source Data Verification 10% of the patients
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calculated by subtracting the percentage of criticasters from the percentage 
of promoters.(21) 
 › Patients will receive an additional questionnaire with questions about satisfaction 
with respect to the food supply and logistics of FfC.
Both questionnaires are self-composed and based on validated questionnaires because 
there is no Dutch validated questionnaire available for home-delivered meal services.
Quality of life
Change of quality of life will we assessed with the validated SF-36 questionnaire filled in 
by the patients.(22) Measurements will be performed at T1 and T2.
Clinical outcomes
Reported from the medical record of the patients.
a. Length of hospital stay: number of calendar days.
b. Readmissions: readmission including an overnight stay.
c. Postoperative complications: 
I. Surgical complications are classified using the Clavien-Dindo classification.(23) 
Grade of severity is based on the type of treatment for the specific complication. 
II. Infectious complications will be reported based on the definition of 
the American College of Chest Physicians/Society of Critical Care Medicine 
Consensus Conference.(24)
Other outcomes
MUST
The Malnutrition Universal Screening Tool will be used to determine the risk 
for malnutrition. 
Potential confounding factors (25)
The following potential confounding factors for both the primary and secondary outcomes 
will be reported from patients’ medical records:
 ∙ Preoperative anaemia defined as a haematocrit concentration < 36% for women and 
< 39% for men according to WHO criteria.(26) Preoperative haematocrit was defined 
as the last measurement before the index operation. 
 ∙ Perioperative red-blood-cell transfusion. If so, the number of packed red-blood-cell 
units per setting (preoperative, intraoperative and postoperative).
 ∙ Laparoscopic surgery vs. open surgery.
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 ∙ American Society of Anesthesiologists (ASA) scores at baseline: I is a healthy patient; II 
is a patient with mild systemic disease but no functional limitations; III is a patient with 
severe systemic disease with definite functional limitations; IV is a patient with severe 
systemic disease that is a constant threat to life; and V is a moribund patient unlikely 
to survive 24 h with or without an operation.
 ∙ WHO performance scale (range 0-5), with 0 denoting perfect health and 5 death.
 ∙ Comorbidities: COPD, Diabetes Mellitus, renal insufficiency, cardiovascular history.
 ∙ Any policy changes per department which may influence the primary outcome. 
The coordinated researcher will contact each department every 3 months.
Adverse events
Possible adverse events (AEs) including nausea, vomiting, allergic reactions and 
gastrointestinal complaints will be identified by the patient satisfaction questionnaire. 
Serious Adverse Event (SAE) is any untoward medical occurrence or effect that at any 
dose of the study:
1. Results in death
2. Is life-threatening
3. Requires hospitalization or prolongation of existing hospitalization
4. Results in persistent or significant disability or incapacity
5. Results in congenital anomaly or birth defect
Although we do not expect (S)AEs to occur, patients will be asked to contact a staff 
member and the researcher directly when (S)AEs occur. We will only report (S)AEs that 
have a possible causal relationship with the used food products till the end of the study. 
All (S)AEs will be followed until they have abated, or until a stable situation has 
been reached.
Data analysis
Primary outcome: The mean percentage of protein intake relative to requirements (at T2) 
between patients receiving FfC and patients on usual care will be analyzed by using 
a linear regression model adjusting for potential confounding factors. 
Secondary outcomes: Linear regression models will be fit to adjust continues variables 
for potential confounders. Logistic regression models will adjust categorical variables for 
potential confounders.
Correlations will be analyzed with the Pearson’s rho or Spearman’s rho coefficient, 
depending on the normality.
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Monitoring
Data monitoring
Looking at the directives of The Netherlands Federation of University Medical Centres 
(NFU) for on-site monitoring, the monitoring-class of the study is negligible and 
minimum monitoring is indicated. The monitoring will be performed by an independent 
gastroenterologist according to the monitor plan (table 1). No interim analyses will be 
performed in this study and only the coordinated researcher will have access to the final 
trial dataset.
Auditing
Patients in either the control and intervention group will have no additional risk due to 
study participation, so we do not expect the study to be terminated prematurely. Since 
2016, FfC is offered to all in-hospital patients and no harm has existed till now on.
DISCUSSION
This study is developed with the aim to deliver improved patient care in the out-of-hospital 
setting. The average duration of hospital stay has decreased over the years and preparation 
and recovery mainly takes place at home.(27) Previous literature showed that nutritional 
support or prehabilitation programs might be relevant in the preoperative setting. A meta-
analysis reported that preoperative nutritional support with parenteral nutrition improves 
clinical outcomes, such as length of stay and postoperative complications, in abdominal 
surgical patients at nutritional risk.(28) Another study in colorectal cancer patients 
showed meaningful changes in postoperative functional exercise by implementation of 
a prehabilitation program (home-based intervention of moderate aerobic and resistance 
exercises, nutritional counseling with protein supplementation, and relaxation exercises 
initiated 4 weeks before surgery). (29) Also, multimodal prehabilitation (exercise, whey 
protein supplementation, and anxiety-coping technique) resulted in improved functional 
capacity in surgical colorectal cancer patients.(30) Studies on preoperative protein-rich 
meal services are lacking.
This will be the first study to investigate the effect of a preoperative home delivered 
protein-rich meal service. We performed a pilot study to confirm the feasibility (unpublished) 
and decided to include a broad population, consisting of patients with different underlying 
diseases and different nutritional statuses. This will improve the generalizability of our 
results to other care settings.
Importantly, if our intervention will demonstrate to be beneficial, it might be an 
alternative treatment option for dieticians; they can offer a varied treatment based on 
needs and requirements of patients. Beside the regular options (advice on protein-rich 
food, oral nutritional supplements, tube feeding etc.) they can consider a meal service 
consisting of protein-rich food items to achieve adequate protein (and energy) intake. 
We also hypothesize that this service will have implications for patients not at risk for 
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malnutrition, since it might prevent deterioration of the nutritional status among these 
patients, before being at risk for malnutrition. These benefits might subsequently have 
a positive impact on hospital resources and health care costs. In that case, policy makers 
might reconsider treatment options before surgery and reimbursement might be fair, 
considering the existing reimbursement for oral nutritional supplements. Finally, in order 
to continuously improve the novel home delivered meal service, a PDCA (Plan Do Control 
Action) cycle would be helpful.
TRIAL STATUS
The study has ethical and institutional approval (2016-3043) and started recruitment in 
March 2018.
LIST OF ABBREVIATIONS
FfC: FoodforCare
HGS: Handgrip strength
MUST: Malnutrition Universal Screening Tool
ONS: Oral nutritional supplements
PGSGA: Patient Generated Subjective Global Assessment
PDCA: Plan Do Control Action
RCT: Randomized controlled trial
SPPB: Short Physical Performance Battery
TMS: Traditional meal service
ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The Committee of the Radboudumc decided that a formal ethical approval was not 
required (2016-3043), since this study doesn’t fall within the remit of the Medical 
Research Involving Human Subjects Act (WMO). The study has been reviewed by 
the ethics committee on the basis of the Dutch Code of conduct for health research, 
the Dutch Code of conduct for responsible use, the Dutch Personal Data Protection Act 
and the Medical Treatment Agreement Act. The study has been performed in accordance 
with the Declaration of Helsinki. Written informed consent should be obtained from 
every participant.
CONSENT FOR PUBLICATION
Study results will be presented at (inter)national conferences and published in a peer-
reviewed journal.
AVAILABILITY OF DATA AND MATERIAL
The datasets generated and/or analyzed during the current study are available from 
the corresponding author on reasonable request.
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GENERAL DISCUSSION 
The present thesis focuses on meal service interventions, both in the in- and out-of-hospital 
settings, as an additional strategy to improve nutritional intake, patient satisfaction, and 
clinical outcomes. To obtain insight in the key elements that define an optimal meal 
service, we used different study designs to address the following aims:
I. Establish effects of in-hospital meal services in hospitalized patients. 
II. Assess effects of currently available meal services in the out-of-hospital setting.
This general discussion addresses our aims and reflects on the main findings, implications 
and future perspectives.
MAIN FINDINGS
Table 1 provides an overview of aims and main findings of this thesis.
REFLECTION
Strengths. The long-term vision of this thesis is that at this stage meal services in 
the hospital setting, as well as in the out-of-hospital setting, require further optimization. 
To bolster this view, available evidence on the effect of meal services was systematically 
analyzed and a well-designed prospective cohort study and randomized controlled trial 
were designed. The results of these studies have contributed to the awareness of meal 
services in hospitals as well as in the out-of-hospital setting. In our prospective cohort 
study, we assessed various relevant nutritional outcomes. Nutritional intake was measured 
in a detailed manner, by weighting each food item after consumption, whereas most meal 
service interventions described in the literature used considerably less accurate methods, 
for instance by only reporting quartiles(1), as described in Chapter 3. Our substantial 
cohort size (n=637) including medical and surgical patients made it possible to generalize 
our results for various departments and care settings. Analyses on clinical outcomes 
seem highly important in the hospital setting, especially given that few other nutritional 
intervention studies are available in this field. Our analysis emphasizes the importance of 
a hospital meal service that increases protein intake, since an increase in protein intake 
relative to requirements at the first day of full oral intake is associated with a considerable 
decrease in complications and length of hospital stay. In our systematic review (Chapter 
2) we found only one study that collected data on clinical outcomes in an elderly 
population at acute medicine wards in which no differences were seen between usual 
care (CG) and usual care plus nutritional care from a health care assistant (IG) on LOS, 
infection rate and mortality, however, the number of intravenous antibiotics prescribed 
for infections was higher in the usual care group (6 d vs. 4 d).(2) Another recent study 
showed that consumption of >60% of protein requirements after surgery was associated 
with a shorter LOS of 4.4 days (95% CI: 26.8, 22.0 d; P , 0.001).(3)
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Limitations. First, in our prospective cohort study we showed that a higher percentage 
of patients achieved their individual protein requirements after implementation of FfC (23 
vs. 8%). We made several recommendations to increase this still low number of patients 
with adequate protein intake (Chapter 4). In light of the considerably decreased average 
hospital length of stay nowadays(4), extension of the study period to the out-of-hospital 
setting might also have beneficial effects on nutritional, functional and clinical outcomes. 
We therefore designed a randomized controlled trial in the preoperative setting to provide 
nutritional support in line with the FfC concept before patients’ surgical procedure 
(Chapter 8). Secondly, our systematic reviews on published meal service interventions in 
both the hospital and out-of-hospital setting (Chapter 2 and 7) were based on a relatively 
small number of studies: i.e. nine high quality investigations in the in-hospital setting 
and thirteen moderate quality studies in the out-of-hospital setting, all with a high level 
of heterogeneity across outcome measures. This notion implies a strong need for high-
quality studies with (ideally) international standardization of measurement techniques to 
reduce heterogeneity.
IMPLICATIONS AND FUTURE PERSPECTIVES
This thesis hypothesizes that a hospital meal service is a key strategy to improve nutritional 
intake, patient satisfaction and clinical outcomes. The results of our reviews and cohort 
study support our hypothesis since we could show that this strategy increases protein- 
and energy-intake and satisfaction of patients. In addition, we showed that increased 
protein intake is associated with reduced hospital length of stay and complication rates. 
A recent  prospective study, performed after our search date, confirmed our primary 
results by showing that  average protein intake relative to requirements may increase 
from 66% (previous service; n=18) to 76% (n=12) after implementation of a novel 
room service concept.(5) To further improve patients’ nutritional intake, support patients’ 
nutritional status and improve clinical outcomes, various future perspective can be taken 
into consideration.
Optimize meal services in health care settings
As a first step, all relevant barriers and facilitators should be explored in specific settings 
to design and implement effective mealtime interventions. Considerations were added 
to a useful framework in this thesis to guide researchers and clinicians in this area. 
(Chapter 6) Pilot studies and patient opinions are pivotal at this stage. In this way, first 
steps can be made to decide on which aspects should be included / excluded in a local 
meal service. Also, results of available high-quality studies should be considered here. 
(Chapter 2) For each setting, involved professionals should consider in-between 
meals, mealtime assistance, and promotion of protein-rich food items and encourage 
the ingestion of high quality proteins at mealtimes and before sleep. (Chapter 3-5) 
During implementation, high quality studies with standardized and validated outcome 
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measurements, such as ‘protein and energy intake relative to requirements’ when measuring 
nutritional intake and validated questionnaires when measuring patients’ satisfaction, are 
required to evaluate the effect of the intervention. After the implementation and research 
optimization of a meal service in line with the study outcomes is required to maximize 
the number of patients with adequate protein intake, since we showed that this latter 
variable improves clinical outcomes. (Chapter 6) Analysis on e.g. food items and their 
contribution to protein intake are also important in this respect. (Chapter 5)
Obviously, an optimal hospital meal service might also decrease the number of 
patients who depend on oral nutritional supplements (ONS) in addition to their hospital 
meals since most hospitalized patients receive their nutrition by means of such a service 
(Figure 1).
Studies on cost-effectiveness have shown that using ONS saves costs per patient, also 
by decreasing length of stay.(6) Similar effects are expected for meal services that focus on 
protein and energy-rich foods and drinks, suggesting that even the involved extra costs 
for ONS can result in a cost-effective strategy in the end. Moreover, dieticians can offer 
a tailored treatment based on the nutritional content of included foods and drinks. 
Implement meal services in the out-of-hospital setting
Besides our ongoing study in the preoperative setting, adequately powered randomized 
controlled trials (RCT) are required to confirm the effects of home delivered meal services 
in other populations. (Chapter 7-8) For instance, a study in patients with a malignant 
disease on chemotherapy are of great interest, since this group experiences many 
symptoms, such as loss of appetite and nausea, that interfere with their ability and 
Hospital meal service
           Hospital meal service 
and oral nutritional supplements (ONS)
Oral nutritional supplements
Tube feeding
Parenteral
  feeding
and
     Hospital meal service and ONS
Hospital meal service 
Oral nutritional supplements
Tube feeding
Parenteral
  feeding
Minority
Majority
Figure 1. Steps in nutritional support from hospital meal service (majority of patients) to parenteral 
nutrition (minority of patients) in the current situation (left) and after optimization of meal 
services (right) when the number of patients using ONS in addition to their hospital meal service is 
reduced (indicated with green color). The black arrow indicates the number of patients. ONS: Oral 
nutritional supplements.
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perception of  eating.(7) For this reason, we have set up a RCT to establish the difference in 
quality of life between patients receiving FoodforCare as a home delivered meal services 
versus usual care.(Clinicaltrial.gov: NCT03382171)
Create awareness among patients
Patients should be aware of their nutritional, and especially protein, intake to achieve an 
adequate dietary intake. A promising approach in this respect might be blended care, 
i.e. guided online monitoring in combination with face-to-face support of a dietician. 
A validated cell phone application on which individual requirements are visualized and 
reported can be a helpful tool. Such an application would likely increase the awareness 
of protein intake per food item and enable monitoring of daily requirements, both in 
the in- and out-of-hospital setting. Mobile applications have shown to be effective in 
other settings, such as in obese patients who monitor their weight loss.(8) 
Combine nutritional interventions with exercise.
Since our initial intention was to establish the sole effect of a hospital meal service on 
nutritional intake, patient satisfaction and clinical outcomes, we did not include an 
intervention that included physical exercise at that point. However, with the notion 
that muscle contractions improve the effect of protein supplementation on muscle 
synthesis and physical performance, protein ingestion should ideally be combined 
with exercise.(9) There is also literature suggesting that prehabilitation programs 
might well be an option to improve functional outcomes. One such study reported 
on a relevant change in postoperative functional exercise (6-minute walk test) by 
implementing a rehabilitation program before and after colorectal surgery because 
of a malignancy.(10) Another investigation showed improvement in functional capacity 
(6-minute walk test) before and after colorectal surgery for cancer, by implementing 
multimodal rehabilitation (exercise, whey protein supplementation, and anxiety-coping 
technique).(11) Effects on nutritional status were not reported here. An ongoing trial is 
investigating the effect of a prehabilitation program (including nutritional supplements) 
in bowel cancer patients undergoing surgery on both clinical and nutritional outcomes. 
(www.trialregister.nl / NTR5947)
CONCLUSIONS
The results presented in this thesis revealed that the implementation of an adequate 
in-hospital meal services results in improved nutritional intake (protein and energy) and 
satisfaction of medical and surgical patients. Protein intake was shown to be associated 
with the risk of complications and hospital length of stay. Therefore, hospitals should 
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focus on the provision of an adequate protein intake for the general population and on 
strategies to improve intake by means of optimization of their meal services. Prolonging 
the intervention period, by extending meal services to the out-of-hospital setting, may 
also prove to be a highway towards improved clinical patient outcomes.
RESEARCH AGENDA
 ∙ Perform additional high-quality studies to bolster the evidence of meal services on 
various outcomes
 ∙ Establish effects on nutritional status and clinical outcomes by prolonging meal service 
intervention periods in the (pre- and postoperative) out-of-hospital settings
 ∙ Create awareness among patients with respect to quantitative and qualitative aspects 
of their nutritional intake
 ∙ Combine nutritional interventions with physical exercise
 ∙ Establish cost-effectiveness of meal services in the in- and out-of-hospital settings
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ENGLISH SUMMARY
Adequate nutritional intake, and particularly protein intake, is a prerequisite in humans 
to improve the nutritional status and support crucial body functions during illness. In this 
way, correct feeding of patients limits the metabolic stress that is imposed by disease or 
trauma and prevents complications. Adaptation of nutritional intake may be required 
since nutritional requirements are increased in various clinical scenarios, whereas intake 
is often inadequate, as evidenced by the high prevalence of malnutrition in patients at 
admission. Numerous strategies have been implemented in clinical practice to maintain or 
improve the nutritional intake and thereby patient’s nutritional status, such as consultation 
by a dietician with or without additional use of oral nutritional supplements. Also, meal 
services play an important role in providing an adequate amount of nutrients during time 
of (recovery from) illness. However, the importance of such services was not universally 
acknowledged and the characteristics of an optimal meal service in any clinical setting 
remained elusive. 
The present thesis therefore focused on such meal service interventions, as an additional 
strategy to improve nutritional intake, patient satisfaction, and clinical outcomes. The first 
part of this thesis highlights the effects of in-hospital meal services, by performing 
a systematic review and by creating a large prospective cohort study. The second part 
focused on the effects of out-of-hospital meal services, by performing a systematic review 
and designing a randomized controlled trial (RCT).
Chapter 2 describes a systematic review of available evidence on the effects of an in-hospital 
meal service. We showed that various elements of meal services can improve nutritional, 
clinical and patient-reported outcome measures and can therefore be considered as 
essential in an optimal meal service. This extensive search also identified a large variety in 
outcome measures and measurements, for which we made recommendation to facilitate 
future research.
In Chapter 3 we performed a prospective cohort study and investigated whether a novel 
6 meals a day hospital meal service, FoodforCare (FfC), can improve nutritional intake 
and patients’ satisfaction, compared to the traditional 3 meals a day service (TMS). 
Implementation of this novel meal service improved protein and energy intake while 
maintaining, and to some extent, improving patient satisfaction.
To further increase the number of patients that achieve adequate protein intake at 
mealtimes, and ultimately the number of patients with adequate daily protein intake, we 
performed a post-hoc analysis described in Chapter 4. First, we analyzed the differences 
in protein intake per mealtime and showed that protein intake was higher with FfC at 
all mealtimes, except for dinner. The minimum level that is beneficial for muscle protein 
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synthesis (20g) was only achieved at dinner for both services. Secondly, we identified food 
groups with the highest protein intake per patient. 
In Chapter 5 we examined the clinical relevance of protein intake in the total population 
(n=637) of our prospective study (Chapter 3). We concluded that protein intake is 
associated with the occurrence of complications and hospital length of stay. This 
emphasizes the importance of optimal protein intake in which a hospital meal services 
can play a crucial role.
In Chapter 6 we share our experiences on how to implement an effective mealtime 
intervention by reflecting on an article in which a framework was established to 
guide clinicians in this area. We provided several considerations based on our own 
multidisciplinary experience in this respect which could be added to the algorithm, such 
as the establishment of a project team and involvement of nutritional assistants and 
ward staff.
In Chapter 7 and 8 we focus on the effects of home-delivered meal services. These 
services have the potential to successfully address malnutrition, since the time frame of 
the intervention is prolonged. In an extended systematic search (Chapter 7) we assessed 
the evidence on the effects of home delivered meal services in adults at risk of malnutrition. 
Based on studies with limited quality of evidence, we concluded that the provision of 
meals at home can improve nutritional intake. However, results on functional and patient 
reported outcomes are conflicting. Adequately powered randomized trials are needed to 
confirm the effects of home delivered meal services.
Chapter 8 summarizes the rationale and design of our RCT, the FoodB4Surgery study, which 
evaluates the effect of FfC as a home delivered protein-rich meal service in the preoperative 
setting on nutritional, functional and clinical outcomes. The FoodB4Surgery study is still 
recruiting patients at this point. 
A general discussion and suggestions for future research can be found in Chapter 9.
In conclusion, the results reported in this thesis support the notion that implementation 
of a hospital meal service can result in improved nutritional intake and satisfaction of 
medical and surgical patients. Protein intake was shown to be associated with both 
a reduction in complication rates and hospital length of stay, emphasizing the importance 
of hospital meal services to increase protein intake. Prolonging the intervention period 
with exposure to a certain meal service, by extending meal services to the out-of-hospital 
setting may prove to be a further successful strategy to address malnutrition and improve 
clinical outcomes.
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NEDERLANDSE SAMENVATTING
Adequate voedingsinname, en met name inname van eiwit, is een voorwaarde om 
de voedingstoestand van patiënten te verbeteren en cruciale functies van het lichaam 
tijdens ziekte te ondersteunen. Een optimale voedingsinname kan metabole stress, 
aanwezig bij ziekte of trauma, beperken en bovendien ondervoeding en de hieraan 
gerelateerde complicaties voorkomen. Aangezien de voedingsbehoefte in verschillende 
klinische situaties verhoogd is en inname vaak inadequaat, getuige de hoge prevalentie 
van ondervoeding in het ziekenhuis, kan aanpassing van de voedingsinname therapeutisch 
noodzakelijk zijn. Talrijke strategieën zijn geïmplementeerd in de klinische praktijk om 
de voedingsinname, en daarmee de voedingstoestand van de patiënt, te behouden of 
te verbeteren. Maaltijdservices spelen een belangrijke rol bij het aanbieden van voldoende 
voedingsstoffen tijdens (het herstel van) ziekte. Het belang van dergelijke services werd tot 
voor kort echter niet algemeen erkend en de kenmerken van een optimale maaltijdservice 
in diverse klinische settings is daarom veelal onbekend.
Het huidige proefschrift richt zich op deze maaltijdservice interventie, als een aanvullende 
strategie om de voedingsinname, de tevredenheid van patiënten en klinische uitkomsten 
te verbeteren. Allereerst belichtten we de bekende effecten van een maaltijdservice in 
een ziekenhuis, door een systematisch literatuuronderzoek en een groot prospectief 
cohortonderzoek uit te voeren. Het tweede deel focust op de effecten van maaltijdservices 
in de thuissituatie door een systematisch literatuuronderzoek uit te voeren en daarnaast 
het opzetten van een gerandomiseerde gecontroleerde studie (RCT).
Hoofdstuk 2 beschrijft een literatuuronderzoek naar het beschikbare bewijs ten 
aanzien van de effecten van een ziekenhuis maaltijdservice. We toonden aan dat 
verschillende elementen van een maaltijdservice de voedingsgerelateerde, klinische 
en de patiënt-gerapporteerde uitkomstmaten kunnen verbeteren en daarom als 
essentieel onderdeel kunnen worden beschouwd voor een optimale maaltijdservice. Dit 
uitgebreide literatuuronderzoek identificeerde ook een grote variëteit in uitkomstmaten 
en metingen, waarvoor we aanbevelingen hebben gedaan om toekomstig onderzoek 
te verbeteren/standaardiseren.
In Hoofdstuk 3 hebben we een prospectieve cohortstudie uitgevoerd en onderzocht of 
een nieuwe ziekenhuis maaltijdservice, FoodforCare (FfC), bestaande uit 6 maaltijden 
per dag, de voedingsinname en de tevredenheid van patiënten kan verbeteren, in 
vergelijking met de traditionele service met 3 maaltijden per dag (TMS). Implementatie 
van deze nieuwe maaltijdservice, FfC, resulteert in een verbeterde voedingsinname 
en patiënttevredenheid. 
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Om het aantal patiënten met een adequate eiwitinname tijdens de maaltijdmomenten 
(en uiteindelijk gedurende de dag) te laten toenemen, hebben we een analyse uitgevoerd 
zoals beschreven in Hoofdstuk 4. We hebben eerst de verschillen in eiwitinname per 
maaltijdmoment geanalyseerd en aangetoond dat de eiwitinname op alle momenten 
hoger was met FfC, behalve tijdens het diner, daar was inname gelijk. Het minimale 
niveau dat gunstig is voor spiereiwitsynthese (20g) werd alleen tijdens het diner van beide 
maaltijdservices bereikt. Ten tweede identificeerden we de voedingsgroepen waarmee 
de hoogste eiwitinname werd behaald.
In hoofdstuk 5 hebben we de klinische relevantie van eiwitinname in de totale 
populatie van onze prospectieve studie onderzocht (Hoofdstuk 3). We concludeerden 
dat een verbeterde eiwitinname is geassocieerd met een afname van het optreden van 
complicaties en duur van het verblijf in het ziekenhuis. Dit benadrukt het belang van 
een optimale eiwitinname, waarbij een maaltijdservice in het ziekenhuis een cruciale rol 
kan spelen.
In Hoofdstuk 6 delen we onze ervaringen over het implementeren van een effectieve 
maaltijdservice interventie, door te reflecteren op een artikel waarin een kader werd 
geschetst om clinici te begeleiden op dit gebied. We hebben verschillende overwegingen 
gegeven op basis van onze eigen multidisciplinaire ervaring die aan het algoritme kunnen 
worden toegevoegd, zoals het oprichten van een projectteam en de betrokkenheid van 
voedingsassistenten en medewerkers van de betreffende afdeling.
In hoofdstuk 7 en 8 richtten we ons op de effecten van maaltijdservices welke thuis worden 
bezorgd. Deze services hebben de potentie om ondervoeding succesvol te behandelen 
door middel van een verlenging van de interventieperiode. In een uitgebreid systematisch 
onderzoek (Hoofdstuk 7) hebben we de effecten van een maaltijdservice bestudeerd in 
de thuissituatie bij volwassenen met een risico op ondervoeding. Op basis van diverse 
studies concludeerden we dat het thuis bezorgen van maaltijden de voedingsinname 
kan verbeteren. Resultaten op functionele en patiëntgerapporteerde uitkomsten zijn 
echter tegenstrijdig en nog van matige kwaliteit. Getalsmatig adequate gerandomiseerde 
studies zijn nodig om de effecten van maaltijdservices in de thuissituatie te bevestigen.
Hoofdstuk 8 omvat een onderzoeksprotocol waarin de motivering en het ontwerp 
van onze RCT samen wordt gevat. Deze studie, de FoodB4Surgery studie, zal het effect 
evalueren van FfC als een eiwitrijke maaltijdservice in de preoperatieve thuissituatie op 
voedingsgerelateerde, functionele en klinische uitkomsten. Op dit moment loopt de 
inclusie voor deze FoodB4Surgery studie nog. 
Een algemene discussie en suggesties voor toekomstig onderzoek zijn te vinden 
in Hoofdstuk 9.
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Concluderend ondersteunen de resultaten in dit proefschrift de stelling dat 
de implementatie van een maaltijdservice in het ziekenhuis kan resulteren in een verbeterde 
voedingsinname en tevredenheid bij interne en chirurgische patiënten. Eiwitinname blijkt 
geassocieerd te zijn met zowel een vermindering van complicaties als de duur van het 
verblijf in het ziekenhuis, waardoor het belang van adequate eiwitinname door middel 
van ziekenhuis maaltijdservices wordt benadrukt. Het verlengen van de interventieperiode 
naar een buiten het ziekenhuis gelegen omgeving, kan een succesvolle strategie zijn om 
ondervoeding aan te pakken en klinische resultaten verder te verbeteren.
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